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PREFACE

This is one of a continuing series of reports of the Ford Foundation
sponsored Research Program in University Administration at the University
of California, Berkeley. The guiding purpose of the Program is to under-
take quantitative research which will agsist university administrators
and other individuals seriously concerned with the management of university
systems both to understand the hasic functions of their complex systems
and to utilize effectively the tcols of modern management in the alloca-
tion of educational resources.

In this paper we present SPACE, a Space Planning And Cost Estimating

imulation model designed to allow anelysis of alternative class scheduling
patterns and their consequent resource demands. Several illustrative
examples of the model's use are given, with documentation of the valida-
tion procedures using data from the University of California. The examples
show that changes in class scheduling patterns have no significant effect
on total operating and capital costs. A listing of the computer program
and the input data specifications are included in the Appendix.

This research was initjated and conducted in the Office of the Vice
President--Planning of the University of California and was partially
supported by the California Co;rdinating Council for Higher Education.

The authors wish to express their gratitude to Leonard Jay Jacobson of
Mathematica for patient counsel which resulted in the avoidance of many
pitfalls; to Maggie Hardy; and to John Lafler, whose many insights and
ingenious "mathemachinations' gieatly improved the initial design, and

whose programming of the FAMSIX module made the whole thing possible.
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INTRODUCTION

A 1970 resolution by the California legislature called for an extra-
ordinary increase in classroom utilization by the University of California
and the California State Colleges. The California Coordinating Council
for Higher Education (CCHE) sought td develop an objective mechanism for
establishing realistic utilization standards with appropriate consideration
of any demonstrable effects on both operating and capital costs. Mathematica,
Inc., undertook and completed a mammoth mathematical modelling effort under
severe time constraints.1 Unfortunately, the Facilities Analysis Model
(FAM) was not sufficiently flexible to allow detailed analysis of the
alternatives under consideration. The SPACE project began as an attempt'to
modify FAM to be more accurate and more useful to physical planners in
higher education.

The University's efforts at modification were soon abandoned as un-
workable, and a new model called SPACE (Space Planning And Cost Estimating)
was developed, drawing heavily on Mathematica's experiences buf differing
substantially in several fundamental respects. As & result the SPACE model
is in operation at the University and, with a few modifications, is being
prepared for implementation by the California State University and Colleges'
Office of Analytic Studies.

SPACE is a computerized simulation model designed to provide planning
data for managers of institutions of higher education. It is primarily
concerned with the physical facilities for departments of instruction and
regsearch. SPACE relates enrollments, class scheduling policies, class

lMathematica, Inc., "The CCHE Facilities Analysis Model," Vols. I-IV,
Princeton, New Jersey, Decsmber 1970.



size policies, and faculty workload policies to physical resource needs
and the resulting utilization rates of classrooms and class laboratories.
SPACE also computes the faculty needs, the associated current costs, and
converts the capital costs to comparable annual costs.

In its present stage of development, SPACE is confined to the "I&R"
departments and thus cannot serve all the planning needs met by RRFM or
CAMPUS. On the other hand, its moderate size and its conc ation on
physical resources provide an easily manageable tool for answ..:ing a sig-
nificant number of .what-if questions et a level of detail not available
in the more general models. Furthermore, to our knowledge, SPACE is the
only operational model with the capability of simulating both the time
scheduling of classes and the assignment of classes to instructional rooms.
As a tool for University planning SPACE can help improve the physical
planning process by augmenting and refining the calculations .f facilities
needs--calculations frequently made without explicit consideration of such
factors as class size policies and faculty workload policies.

It is with regard to these functional policy alternatives that SPACE
should prove most useful. Typical what-if questions within the domain of
SPACE include:

1. What if class schedules are extended beyond the normal daytime

hours?
2. What if faculty workloads and/or staffing patterns are changed?

3. What if a specific new program is added (or a specific existing

program is eliminated) at a particular campus?
4. What if classes larger (and/or smaller) than certain sizes are
eliminated in certain (or all) programs?
Answering such questions in terms of the probable effects on resource
, requiremeunts is a fundamental role of bbth statewide and campus academic
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and facilities planners. SPACE can reduce the staff effort and time
required to perform these calculations and should also substantially

improve the accuracy of the answers.




MODEL DESCRIPTION

Model Overview

SPACE 1is composed of two separate modules, FAMSIX and VARICOS, each
of which is written in FORTRAN IV. The modules can be run separately or
in tandem, with FAMSIX providing a machine-readable file for use as input
to VARICOS.

FAMSIX performs sequentisliy the 6 basic operations listed below.
Thesc are repeated for each y#ar of the planning horizon. 1In its current
form, the maximum number of years in the planning horizon is 10.

1. A Gauasian pseudo-random number 3 :aerator operates on "weekly
student hour input to produce 3 preliminary total of weekly
room hours. The level of aggregation is class size range,

discipline, class type (lab or non-lab), and course level.

2. Classes are assiguned to hours of the wezk accurding to a
priority schedule which reflects the user's preferences for the
distribution of class hours. (Note: Classes are treated as

integral units in tha: no fractional class hours are generated.)

3. The effects of scheduling on average class size (time-preferences)
are computed using a combination of iinear and exponential rela-
tionships. The initial distribution of classes to class size
ranges is adjusted to account for this phenomenon while keeping

the original total of weekly student hours intact.

4. Classes of each size are assigned to rooms of appropriate sizes

by a randomization routine governed by user-defined parameters.

5. For each hour of the week, the current inventory of classrooms
and class labs is compared to needs. If rooms are n=eded but
not available, the inventory 1s checked for the availability of
rooms which are larger than required and the overflow is assigned
where possible. If rhere are no larger rooms available, or if
there is an inadequate number, rooms of the appropriate type and

size are ''constructed."
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This is one of a continuing series of reports of the Ford Foundation
sponsored Research Program in University Administration at the University
qf California, Berkeley. The guiding purpose of the Program is to under-
také quantitative research which will assist university administrators
and other individuals seriously concerned with the management of university
systems both to understand the basic iunctions of their complex systems
and to utrilize effectively the tools of modern nanagement in the alloca-
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examples of the model's use are given, with documentation of the valida-
tion procedures using data from the University of California. The examples
show that changes in class scheduling patterns have no significant effect
on total operating and capital costs. A listing of the computer program
and the input data specifications are included in the Appendix.

This research was initiated and conducted in the Office of the Vice
President--Planning of the University of California and was partially
supporxted by the California Coordinating Couuncil for Higher Education.

The authors wish to express their gratitude to Leunard Jay Jacobson of
Mathematica for patient counsel which resulted in the avoidance of many
pitfalls; to Maggie Hardy; and to John Lafler, whnse many insights and
ingenious "mathemachinatione" greatly improved the initial design, and

whose programming of the FAMSIX module made the whole thing pcssible.
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6. Utilization statistics are computed for each classroom size and
for each class lab size, the class labs being further distinguished
by discipline and level.

VARICOS is basically an accounting module with 4 component operations

which are repeated tor each year of the planning horizon:

1. Weekly room hours (generally but not necessarily from FAMSIX) and
enrollment projections are operated on by functions defined in
terms of workload and other parameters to compute faculty staff-

ing needs by rank.

2. Faculty office and research space needs are computed along with
the associated support space needs. These needs are compared to

the existing Inventory and new space is 'built" where needed.

3. Faculty salaries, support costs, and facilities maintenance and

operating costs are computed.

4, Two kinds of capital costs are computed. The first are project
costs, i.e., what is commonly called total capital outlay. The
second set of costs are the annual cash flow needed from the
State or other funding agency. It is assumed that physical faci—
lities are financed by the issuance of bonds, and that the issues
are sequenced according to the costs iicurred during the planning
and construction period (i.e., the 4 years prior to the first

usage of the facility).

FAMSIX - Module Descrintion

This section details the operating logic of the six components of the
FAMSIX module described briefly above. These calculations are repeated
for each iteration of the test run. A program flow chart is included to
assist the reader in understanding the sequencing of the components and
their interrelationships within the model. The underlying mathematics are

not spelled out, but examples are provided to give the reader a feel for



the processes involved. An attempt has beer. made to provide enough de-
tail so that a programmer examining the program code will have adequate

guidelines but not so much that the non-technician will be bogged -.own.

The Generation of Initial Weekly Class Hour Totals from Weekly Student

Hour Inputs

FAMSIX is driven by Lab and Non-lab Weekly Student Hour inputs.
(These are displayed at the user's option in Table 10l1.) Historically
the distribution of WSH for any given discipline and course level varies
greatly across class sizes, both for Non-lab and for Lab classes. Since
it is impossible to predict with certainty these distributions, FAMSIX
operates under the assumption that the proportion of WSH in each of the
15 class size ranges varies normally for any category. It further assumes
that the average class size in each class size range is constant.

Thus, for each discipline, course level, and class type, FAMSIX cal-
culates the proportion of WSH in each class size range by a Gaussian pseudo-
random number generator. For each category, the random number generator
is given the mean proportion and the standard deviation tor each class
size range. It returns the proportion of WSH in the class size range (set
equal to zero if negative). Since the 15 proportions thus determined
generally will not sum to 1.0, they are scaled proportionately until they
do sum to 1.0. The resulting proportions are then multiplied by the total
WSH for the category to determine the number of WSH in each class size
range.

Each of these numbers is then divided by the (fixed) average class
size in the respective class size range to give initial numbers of Weekly

Class Hours. Since the average class size generally will not exactly



divide the number of WSH, the resulting WCH rfigures are rounded. These
"integerized' WCH numbers are the numbers or which FAMSIX continues to
operate. They are not the final numbers of Weekly Room Hours. They are
displayed at the user's option in Table 211 (Non-Lab) and in Table 212
(Lab).

Note that if desired the mean values for class size distribution
may be chosen to be negative inputs. In such cases, the category will
have extremely different class size distributions from one iteration
(year) to the next, and may even disappear in some iterations. This is

a useful device for a category (discipline, level, and class type) in

‘which such extreme variation is characteristic, either in fact or because

the data are reported inconsistently.

The Assignment of Weekly Class Hours to Hours of the Week

The assignment of Weekly Class Hours to the hours of the week is made
through the mechanism of a "priority schedule.'" There is a separate
schedule for each clasts type (Lab and Non-lab). The priority schedule
associates with each hour of the week zero, one, or more priority numbers.
The relative aumber of such priority numbers associated with each hour
represents the relative distribution of class hours to the hours of the
week. The size of the priority numbers associated with any hour reflects
the degree of preference for classes in that hour. Thus, if the 37th hour
is assigned one priority number and the 1lst hour is assigned 5 priority
numbers, class hours will be scheduled into the l1st hour 5 times as often
as they are scheduled into the 37th hour. Furthermore, if the priority
number agsigned to the 37th hour is large, e.g., 110, and if the set of

priority numbers assigned to the 1lst hour includes smaller values,
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e.g., 1, 15, 70, 105, and 115, then the lst hour will tend to have larger
classas scheduled in it than w.11l the 37th hour.

The mechanism works like this: There are (in the model) 96 possible
hours of operation in a week. There are 250 pnssible priority numbers,
P » of which n are chosen tc be associated with the 96 hours {(p = 1, 2,...,
n < 250). FAMSIX treats the class hours as if they were ordered in a long
list beginning with the largest classes and ending with the smallest. With-
1n each class size range the class hours are ordered by course level and
within course level by discipline. Then for hour h , with priority number

th  ¢j1ass hour in the list and every nth  class hour in the list

P, the p
thereafter are scheduled for hour h . 1In the example above, if n were
200, hour 1 would receive the 1lst, 201lst, 40lst,... class hours in the list.
It would also receive the 15th, 215th, 415th,...; the 70th, 27Cth, 470th,...;
the 105th, 305th, 505th,...; and finally the 116th, 316th, 516th,... class
hours in the list. Hour 37 on the other hand would receive only the 110th,
310th, 510th,... class hours. Clearly the 37th hour will receive approxi-
mately one-fifth as many class hours as the 1lst hour. Because of the

ordering of the list fror large classes to small, the 37th hour will also

receive smaller classes on average than the ist.

The Effects of Scheduling on Average Class Size - "Hour-Size Function"

Historical data gathered at the University reveal that, ceteris
paribug, class size varies according to the hour at which the class is
scheduled and the number of classes which are scheduled in the hour. Most
classes would attract fewer students at 6 p.m. than at 10 a.m., and fewer
on Saturday than on Monday. Furthermorc, it is obvious that if a great

many classes are offered In any hour, the last one scheduled will be

n,



sualler than it would have beun ir it had been scheduled at an equally
attractive hour in which fewer classes were scheduled. This is true
because some of the students who would otherwise be attrvacted to the class
are more likely to have enrolieu in other classes offered at that hour.
FAMSIX simulates this effect by altering the average class size in
any given hour according to the '"hour-size function.'" This function relates
the expected average class size to an altered average class size by multi-
plying the expected size by a factor £ . The product is the altered

average class size. The factor £ is determined by the following function:

f=c¢ - p';
where:
¢ = a scalar multiplier which is a function of the hour in question,
P = the proportion of WSH in the given hour, and
y = some exponent.

The application of the function to the Weekly Class Hours generated by

FAMSIX is somewhat complicated since FAMSIX assumes thal the average class
size in each class size range is fixed. Furthermore, it is not desirable

to increase or decrease the total number of WSH appreciably. Consequently,

2'l'he problem of determining reasonable values for ¢ and y can be
greatly simplified by the following procedure:

1) Set y equal to some value near -0.25. This value has been
shoun to be reasonable for U.C. studies.

2) Determine the approximate proportion of weekly student hours
in each hour of the week according to the way classes are
actually scheduled.

3) Solve

f=1.0=c¢ py

for ¢ for each hour. For the actual schedule, the function
should leave class size unchanged. (Presumably the class-size-
distribution inputs are derived from actual data.) Thus, using
actual proportions, cp¥ should equal 1.0.
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FAMSIX leaves the number of WSi: in each hour intact and changes‘the distri-
bution of classes to the class size ranges. The net effect is that the
number of class hours is altered so that the average class size over all
class size ranges is increased or decreased by the factor f . This new
number of class hours is then distributed to the disciplines and levels in
the same proportions as the original number of class hours. Care is taken
so that the number of weekly student hours within a discipline and level

is not altered appreciably by this process.

Example

Suppose that there are only 3 class size ranges and that the fixed
average sizes in those ranges are 10, 15, and 20. Further assume
that for the hour in question the factor f = 1.15, and the initial
distribution of class hours is as in the table below.

Size 1 Size 2 Size 3 Weekly Studeat Average Class
(10) (15) (20) Hours Size
15 20 0 450 12.86

FAMSIX first changes the 20 classes of size 2 (i.e., 15 students each)
so that the average will be, as nearly as pessible, 15 x 1.15 = 1/.25,
retaining closely the 300 WSH cenerated by the original 20 classes of
15 students each.

Size ] Size 2 Size 3 WSH ACS
9 8 295 17.35

FAMSIX then notes that it is 5 WSH short. Adding these to the 150
generated by the size 1 classes, it changes these 15 class hours so
that the average will be nearly 10 x 1.15 = 11.5.

Size 1 Size 2 Size 3 WSH ACS

9 4 . 150 11.5

Nothing could be done with the 5 WSH, so they are lost. (The greatest
error in this process is a gain or loss of 1/2 the fixed average class
size of the smallest class size range.)

The net effect of these changes is summarized below.
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Size 1 Size 2 Size 3 WSH ACS
) 13 8 445 14.8

The altered average class size target was 1.15 x 12.86 = 14.8
Note that the initial number of class hours is 35. The final number.
determined by the hour-size function is 450/14.8 = 30 .

Assignment of Classes to Rooms

Each quarter or semester, some time before students enroll in their
courses, departments determine their course offerings and the campus
Registrar (or other class scheduling agency) must determine the facilities
to be reserved for those courses. Using departmental predictions and
past experience as guides, the Registrar is able to make some estimates of
the class gizes which will be generated by those courses. Since it is
generally impossible to determine the exact course enrollments and class
sizes, the distribution of actual classes to class size ranges will differ
from the predicted distribution. 1In an effort to minimize the amount of
facilities reassignment, tha Registrar will generally try to provide rooms
so that classes which turn out to be larger than expected will seldom have
to be reassigned to other facilities. The effect of this hedge against
possible chaos is some ''looseness' in the relationship of the sizes of
the classes to the sizes of the rooms to which those classes are assigned.

FAMSIX simulates this effect in two stages. The first stage is accom-
plished with the help of the pseudo-random number generator. For each
class size range, the probability distribution of classes to room size
ranges is an input to the model. Each class hour generated via the hour-
size function routine is associated with a ''request" for a room (classroom

in the case of non-lab classes and class lab in the case of lab classes.)
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The size of the room is determined by the random number generator operating
on the distribution parameters.

Each class hour is treated separately so that fractions of classes
are not associated with room ''requests." For example, suppose:

0.25 = probability that class of size 3 is associated

with room of size 3;

0.75 = probability that class of size 3 is associated
with room of size 4; and
5 = pnumber of class hours of siée 3 generated in

some hour.

A strict application of the probabilities woild yield 1.25 classes assigned
to rooms of size 3, and 3.75 classes assigned to rooms of size 4. Since
FAMSIX treats class hours as integral units, such a method is inadequate.

FAMSIX, in fact, could assign all 5 classes to rooms of size 4, or all 5

»
to rooms of size 3. On average, however, 1/4 of all classes (across all
hours and years) of size 3 would be assoclated with requests for rooms of
size 3 and the rest with rooms of size 4.

For reasons which will become obvious after reading the next section,
the parameters of the class-size-to-rcom-size distributions should not be
identical to historical distributions. Rather, they should reflect the
Registrar's effort to avoid chaos in logically identifying room size re-
quests with predictions of class sizes. Thus, if it were possible to know
class sizes with certainty before making room assignments, the most reasonable

distribution would assign a class of size x to a room of size x with

probability 1.
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Spill-Up and New Construction

The second stage of the class to room assignment routine is the
"spill~up" operation. For each hour of the week the room requests are
compared with the current inventory, beginning with the requests for the
largest rooms. If the inventory is inadequate to the needs for a particu-
lar room size, rooms of larger sizes are made available if they have not
already been claimed. If rooms are still needed after the search has been
made for unclaimed rooms of that size or larger, the model "builds" them,
and they are added to the inventory. It is this spill-up process that
requires the class—size-to-room-gize distribution discussed above to be
a theoretical distribution. Some spilling up occurs in fact and would be
reflected in a historically derived distribution. Using the historical
distribution would, therefore, result in spilling-up twice.

FAMSIX has one category of classrooms, and thus assumes that any
non-lab class can be assigned to any classroom, provided only that the
room is large enough. This assumption is not, of course, entirely realis~-
tic because some classrooms should have special facilities for certain
non-lab classes--e.g., lecture-demonstration facilities for certain science
lecture classes--and those specific classes should be assigned to those
rooms, even if some of those classes are much smaller than the room. But
it is impractical to include the capability of simulating those and other
realistic complexities in FAMSIX's handling of non-lab classes, not only
because the computer core requirements would be greatly increased, but
also because the input data requirements would be inordinately large.
Presumably, however, this simplification does not cause the classroom
requirements computed by FAMSIX to be significently different from those

which would be generated by the more "realistic' model, at least in terms
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of the total required floor area.

Lab classes are treated differently than non-lab classes. A lab
class must be assigned to a class lab appropriate to the particular level
and discipline of the class. Thus, all Arts lab classes arc assigned to
Arts class labs. Currently, there is a similar one-to-one relationship
for the level of the class and the level of the laboratory. This identity.
is a proxy for the real-life non-interchangeability of labs between sub-
disciplines of a given discipline and some non-interchangeability among
levels. Future Versions of the model will allow lab classes of level x
to be asgigned to class labs of level y , providing that level y is at
least as high as level x .

The final distribution of classes by size to rooms by size for each
hour is displayed in Tables 401 (Non-lab) and 402 (Lab) at the user's

option.

Utilization Statistics and VARICOS Interface

After all preceding steps are completed for all hours of the week,

summary data are computed. Table 121 displays the final totals of WSH
by level, discipline, and class type. These are computed by multiplying
the final numbers of WCH (now identified as Weekly Room House, WRH) in |
each cl#ss size range by the fixed average class size in that range.

The final numbers of WRH for each discipline and level by class size
are displayed in Tables 221 (Non-Lab) and 222 (Lab). The summary of these
data, excluding class size information, is stored externally for use by
VARICOS. The construction necessary to meet room requests is displayed
in Tables 501 (Non—léb) ;nd 502 (Lab). The classrooms to be constructed

for use in the year im gquestion are distinguished by size only. The labs
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are further distinguisﬁed by discipline and level.
The inventory of assignable square feet is calculated along with the
ASF of newly completed space. This information is tagged by level and
discipline for class labs. Classrooms are arbitrarily identified with
Discipline #1. The ASF data are also stored externally for use by VARICOS.
Tables 301 (Non-lab) and 302 (Lab) are the final outputs of FAMSIX.
They are displays of summary utilization rates for each room size and in
total. (The information is further disaggregated into disciplines and
levels for laboratory utilization summaries). The information displayed
separately for classrooms and class labs includes the current inventory
of rooms and stations, the number of WRH, WRH per room, Unweighted Station

Occupancy, WSH per station, ASF per station, and ASF per WSH.

VARICOS -~ Module Description

This section details the operating logic of the four components of
the VARICOS module described b:'iefly in the model overview. Tinese compo-
nents are repeated for each iteration (year) of the test run. The general

level of detail corresponds to that of the FAMSIX module description.

Faculty Requirements

Faculty needs are generated from enrollment projections, Lab and Non-
lab weekly class hours (i.e., the weekly room-hours determined by FAMSIX),
and a combination of student-faculty ratios and workload parameters. The
Ioutine provides for special handling of Teaching Assistants because of
the important instructional role played by T.A.'s at the University of

California.
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VARICOS computes frur categories of faculty: T.A.'s and 3 categories
(not necessarily ranks) of non-T.A. faculty. The non-T.A. faculty will be
referred to as 'regular" faculty in vhis description. The computation
takes place in four steps.

Step 1: Dividing the Workload

¥

FAMSIX provides VARICOS with the number of WRH in each class type,
course level, and discipline. VARICOS inputs include the proportion
of WRH taught by T.A.'s and the proportion taught by regular faculty
in each category of WRH. These proporfions are applied to the appro-
priate WRH figures to give the number of WRH in each category which
are taught by T.A.'s and the number which are taught by the regular

faculty.

Step 2: Assigning FTE to the Wcrkload

VARICOS inputs also include the number of Weekly Faculty Contact
Hours (WFCH) p~»r FTE, separately for T.A.'s and regular faculty, in
each of the WRH categories. The division of T.A.-taught WRH by the
workload parameter (WFCH/FTE-TA) in each category gives the number
of T.A.'s needed. The same operation using régular faculty workload
parameters provides a partial total of regular faculty needed.
Additional regular faculty can be generated on the basis of T.A.
supervision requirements. For each discipline and class type the
supervision factor, regular faculty FTE per T.A. FTE, is multiplied
by the number of T.A.'s generated and the product is then added to

the regular faculty subtotal.

Step 3: Generating Faculty via Enrollments

Additional regular faculty may be generated from student-faculty
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ratios for each of the four student levels. Enrollments by level and
major are multiplied by these ratios and the products added to the
subtotals from Step 2. Step 3 thus serves two functions: first, it
may be used as the basis for generating faculty strictly from enroll-
ments by setting the workload parameters to zero; and, secondly, it
may be used to augment the faculty generated from workload factors

on the assumption that students generate a need for faculty to super-

vise independent study or other work not reflected in the WRH figures.

Step 4: Distributing the Regular Faculty to Ranks

For each discipline, the proportions of regular faculty in each of
the 3 ranks (or other categories) are data inputs. These proportions
are applied to the regular faculty discipline total to give, with the

T.A. figures, the final numbers of faculty in each rank and discipline.

Office and Research Space

There are 5 types of space requirements computed by VARICOS and FAMSIX:
1) Classrooms; 2) Class labs; 3) Research labs; 4) Offices; and 5) Support
space. The assignable square feet of the inventory and of the rewly com-
pleted space are compiled separately. FAMSIX provides the figures for the
first two space types and VARICOS computes the figures for the last three.
In each non-class type of space, space-standards parameters are used to
determine the space needs. The needs are compared to the current inventory.
If the inventory is inadequate, the additional space needed is noted and
added to the inventory. Each discipline has its own space and hence its
own standards.

Research space requirements are computed as:
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(ASF/Regular raculty) x (Regular faculty) + (ASF/TA) x (TA's) +
(ASF/Level 3 majors) x (Level 3 majors) + (ASF/Level 4 majors) x
(Level 4 majors).
Normally, student majors of levels 3 and 4 are identified witu first and
second stage graduate students.
Office space needs are computed according to the same formula, sub-
stituting the appropriate space-standards parameters.
Support space requirements are computed as:
(ASF/Total Research & Office ASF) x (Total Research & Office ASF)

+ (ASF/Total class lab ASF) x (Total class lab ASF).

Faculty Salaries, Support, M&0-Plant

Becaugse FAMSIX and VARICOS are primarily intended to provide planning
data related to clazs scheduling, no attempt has been made to compute total
operating costs. VARICOS therefore concentrates on those variable costs
which are most directly related to scheduling and to class-size policies,
viz., facvlity salaries, departmental support, and physical plant maintenance
and operation.

Currently these computations are somewhat crude. Salaries are com-
puted for each rank and discipline by multiplying the average salaries
for each rank by the appropriate FTE figures. For each discipline the
departmental support per regular faculty FTE is a data input. This param-
eter is multiplied by the regular faculty FTE to get the support costs.
There is a single M&0-Plant factor for all types of space. The total M&O
cost 18 the product of this parameter and the total inventory ASF.

All dollar figures are ''constant salary dollars," i.e., faculty salaries

and support costs are not inflated. M&0 costs and construction costs are
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inflated, however, since these costs hnve been rising more rapidly than
faculty salaries. The difference between the two actual rates of infla-

tion is the inflation factor applied to the space costs.

Capital Costs and Outlay

For each space type and discipline, the capital outlay per additional
ASF is a data 1npuf. For each year of the run, these parameters are
applied to the newly completed ASF to give the capital outlay generated.
Since planning and construction generally occur over a 4-year period
prior to occupation, the capital outlay is spread back over the four
years prior to the year the facility is first added to the inventory.

The outlay amounts, however, are not directly comparable to the salary,
support, and M&0 cost figures since they actually reflect a multi-period
rash flow from the funding agency. VARICOS assumes that all of the facili-
ties construction is financed through the issue of bonds and that the
issues are sequenced according to the pattern of cost incidence during
the planning and construction period. Therefore, the outlay figures are
distributed over the four-year perriod preceding the first occupation of
the facility and bonds are issued to meet‘those costs as they are incurred.
The debt-servicing of the bonds represents the economic costs of capital
construction which are most appropriately compared to the operating costs
already computed. It is the debt—-service payments, therefore, which are
displayed for each year of the test run, along with the operating costs,
in Table C. TFor each iteration, Table B displays the year's capital outlay
and current inventories. Similarly, for each iteration, Table A displays

the year's faculty requirements and their associated costs.
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MODEL TESTS AND RESULTS

Model Characteristics

All initial testing of the model was performed with data from the
Santa Barbara campus of the University of California. When it was im-
possible to generate parameters from the available UCSB data, data from
other general campuses of the University were used.3 The base year for
all model tests was the 1969-70 academic year.

It was found that SPACE is robust with regard to most parameter
changes and Monte Carlo perturbations when viewed from a macro level.
Overall class sizes, faculty requirements, facilities requirements, and
costs vary only slightly in response to modest parameter changes. On
the other hand, class size distributions and resource requirements vary
radically within particular disciplines and levels. This kind of varia-
tion was not only anticipated . 't consciously sought because historical
data show substantially great: : variation from year to year within dis-
ciplines than for the campus as a whole. It is one of the major goals of
SPACE to demonstrate to University planners the ranges of needs which
must be considered in facilities planning.

Throughout the period of the model's development, numerous test runs
were made to determine the sensitivity of the results of parameter changes,
and to validate particular routines by comparing the outputs with histor-
ical data. Additional test runs were made to test the flexibility of
the model in angwering what-if quevtions. The regults were uaiformly
favorable, 1In the three sections which follow, seven of the test runms,

" typical of the lot, are discussed in relation to these purposes.

3Berkeley, Davis, Irvine, Los Angeles, Riverside, San Diego, Santa
Barbara, and Santa Cruz.
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Validation Tests: Comparisons with UCSB History and with Current Planning

Methodology

For the purpose cf validating the model, two types of tests were made:
(1) straightforward comparisons of SPACE outputs with historical UCSE
data, and (2) comparisons of SPACE-generated assignable square feet (ASF)
requirements with the corresponding requirements computed by University of
California planning officers using the traditional methodology.4

The first type of validation test was made using historical UCSB data
for the majority of SPACE inputs. Where UCSB data were incomplete or
inadequate, data from the University's other general campuses were adapted.
Enrollment data were estimated by assigning target three-term-average
headcount enrollment totzals for undergraduate and graduate level students
to each discipline and, within each discipline, to four student levels on
the basis of historical proportiona. This was done to reflect the uncer-
taintv in enrollment projections in the planning process, even though
actual enrollment data were avallable for fhe base year of the runs.

The complete data set for the validation tests will be referred to

as the '"reference data set,"

and the base run using this data set as
"Run 10A." All sensitivity tests and validation tests irvolved comparisons
with Run 10A. The reference data set includes: : (1) a 67-hour week, i.e.,
every hour in which at least one class was scheduled at UCSB in Fall 1969;
(2) a non-uniform distribution of class hours to the 67 hours, approxi-
mating the actual distribution at UCSB; (3) the Fall 1969 inventory of

AThe methodology consists essentially of multiplying student credit
hour projections by assignable square feet factors for each discipline and
space type. The calculations of faculty-generated space are very similar

to those of the SPACE model, except for the generation of the faculty re-
quirements themselves.
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facilities; (4) weekly student hour projections generated by applying a
single induced course load matrix to the l0-year series of enrollment pro-
jections; (5) a theoretical class-size-to-room-size assignment matrix;5
(6) estimated means and standard deviations of assumed Gaussian distribu-
tions of WSH to class-size ranges, reflecting 8-campus histories;6 and
(7) non-uniform hour-size factors for lab classes.7

Tables 1 and 2 show the WSH and WRH results for all non-lab classes
in the validation runs 10A and 10B. The only difference betweeu the two
sets of data inputs is the starting point for the pseudo~random numoer
generators; all other data are identical. A comparison of the ‘actual’
UCSB data with the cutputs of the FAMSIX module shows that, for most of
the class size ranges, fhe numbers of WRH correspond closely. in both mag-
nitude ani variance. For the smallest and largest classes, however, the
'actual' figures did not include the classes scheduled in locations other
than classrooms and class labs. The model includes more of the classes
which are actually taught at UCSB than did the utilization reports which
were the source of the 'actual' figures.

It is notable that the average class sizes for the non-lab classes
vary modestly in the two runs (32.5 and 33.3 1p 1969 to 35.7 and 32.9 in
1978, with 34.0 and 33.3 zs the 10-year averages). This variation is
typical of the historical averages. A similar result holds for lab class

data. Also typical of UCSB history (and of the history of the other

5
See pages 11-14 of this report for a discussion of this matrix.
See pages 6-7 of this report for a discussion of these distributions.

See pages 8-11 of this report for a discussion of these factors.
N.B. ¢ = 1.0 and y = 0 for lab classes; i.e., in the reference data set
the hour-size factors leave the initial size distributions of lab classes
unaltered by the scheduling process.
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general campuses) is the more marked variation of class sizes within a
given discipline. Tables 3 and 4 show historical and FAMSIX class

size distributions in the physical sciences for each of the three course
levels.

Comparisons of historical utilization statistics and the utilization
statistics generated by Run 10A are presented in Tables 5 and 6. It
should be noted that at least two large rooms which are not classrooms
are used for large classes at Santa Barbara because the campus has no
classroom (i.e., no room so classified) with more than 354 stations. Those
'non-classrooms' are excluded from the ‘actual' classroom utilization
statistics, and thus also from the classroom inventory in the input data
to the model. SPACE ‘'constructed! three large classrooms f- . the model-
generated classes which were larger than the largest classroom in the Fall
1969 1nventory;

The SPACE utilization statistics reflect, among other factors, the
class-8ize~to-room-size assignments consideréd reasonable by the authors,
and do not represent an attempt to reproduce UCSB's actual utilization
rates.

The second type of validation test, comparison of the model's results
with the traditional U.CL methodology, was performed by excluding the 1969
inventory from the reference data set. Because of differing assumptions
regarding enrollment growth a meaningful comparison was possible only for
the year 1970-71, Only for this year were enrollment 1npgts nearly iden-
tical in total for hnth sets of calculations. Table 7 shows the results
for the model and the calculations of the U.C. space planners. The siailar-
ity of the two sets of results is considered by the authors to be adequate
evidence of the viability of the model's methodology for augmenting the

planning process.



25

Sensitivity Tests

The effects of the randomization procedures within the model on the
final outputs have already been alluded to in the rrevious sections. One
criterion for measuring the acceptability of class size perturbations is
based on the similarity of the range cf SPACE-induced variations from one
run to the next with the range of historical varlations from one year to
the next. It might be argued that the actual historical variation in class
size is an inappropriate base for making comparisons of Monte Carlo per-
turbations because of enrollment changes within the historical period. Two
factors mitigate in favor of the comparison however. First, the only prac-
tical basis of comparison is hgstorical variation. It is obviously impossible
to reproduce exactly the conditibns which lead to any historical outcome
preparatory to experimenting with the actual system. Certainly, however,
for any given student population, the class size distribution within any
discipline and level is determined stochastically. Secondly, there is no
clear trend in historical class—-size averages induced by enrollment increases.
Presumably any of the historical class sizes are possible for any of the
historical enrollment totals; and consequently historical variations pro-
vide a gocd clue to the possibilities for any single year.

Tables 1, 2, 3, and 4 display the effects typical of a change
in the starting point of the rand.u-number generator (Runs 10A and 10B)
on class size distributions. There is considerably greater variance
within a discipline and level than there is overall. For non-1-. classes
the overall change in average class size from one run to the other averages
2.1%4. The smallest change for any year is 1%; the largest change is nearly

6.5%.
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The ten-year average of class size percentage differences for non-
lab, graduate, physical science classes is 16%. The smallest change for
any year is 3.47Z; the largest change is 50%. These run—-to-run variations
are generally consistent with the 1967-1969 histofical variations for
this discipline, level, and class type.

The arguments legitimizing class-size comparisons of historical with
Monte Carlo variations will not hold for resource needs. Historical data
on resources expended at Santa Barbara reflect decision makers' prefer-
ences and political accident as much as actual need. In the test runs
made so far, SPACE has computed faculty requirements on a workload basis,
and space requirements of faculty and graduate students on the basis of
CCHE standards. No effort has been made to simulate the politics which
generate resources—-only the operations which determine resource require-
ments. Nevertheless, variations of calculated resource needs are an
important consideration in determining the acceptability of the model for
planning. Variations much greater than 5% over the 10-year period seem
unacceptable to the authors.

Tables 8 and 9 display summary data for Runs 1A and 1B.8 Faculty
requirements differ by 1.8%, classroom ASF-years differ by 12.2%, class-
lab ASF-years by 1.0%, total ASF-years by 2.8%, salaries and support costs
by 1.8%, total debt-service payments-by 2.4%, and total variable costs by
2.0%. The 12.2% difference in classroom ASF-years is the only questionable
variation. Run 1B constfucted 3 more large classrooms than Run 1A; this

accounts for the difference in floor area requirements.

8R.uns 1A and 1B are identical to 10A and 10B respectively except for

the exclusion of the 1969 inventory from the input data. These runs show
what the model would build to handle UCSB's enrollments if it were start-
ing a new campus. A comparison of these runs with the actual inventory
gives some idea of excess physical capacity if the CCHE space standards can
[ERJ!:‘ be assumed to be reasonable.
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Examining Policy Options

The usefulness of a simulation model depends in part on the ease with
which alternative policy what~if questions can be posed and answered. The
fewer parameters which must be altered, and the easier it is for adminis-
trators to develop an intuitive feel for what a parameter represents
operationally, the more useful the model will be. SPACE was initially
conceived to provide answers for one class of conditional questions, viz:
What cost consequences would be associated with a change in the hourly
pattern of class scheduling? The possibiliiy of answering other what-if
questions arose during the development of the model.

During the period of development and initial testing it was found that
it is relatively easy to examine the resource impacts of adding or deleting
academic programs, changing faculty workloads, or encountering significant.
shifts in enrollment patterns. In each case it was only necessary to make
minor changes to one or two sets of data inputs. These data changes
satisfied the criterion of reflecting operational chawnges in an intuitively
identifiable manner.

Most of the what-if tests were concerned with changes in the patterns
of class scheduling. Summary results of three such tests are tabulated

in Tables 11 - 13. Table 10 is a summary of Run 104, in which the

class scheduling pattern approximated the actual pattern in Fall 1969.
Changes in the class scheduling pattern were simulated by (1) changing
the number of hours per week in which classes are scheduled; and (2) chang-
ing the relative proportions of classes scheduled in those hours. For

Run 10A a non-uniform distribution of classes to the 67 scheduled hours

of the week put approximately:
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1/193 of the classes in each of the 23 least popular hours;

2/193 of the ciasses in each of the 6 next least popular hours;

3/193 of the classes in each of the 8 third least popular hours;

4/193 of the classes in each of the 16 fourth least popular hours; and

5/193 of the classes in each of the 14 most pcpular hours.

For Run 11A, 1/67 of the classes were scheduled in each of the 67
hours. This ‘flat' distribution was duplicated for Run 12A but only for
the 44 most popular hours, i.e., 1/44 of the classes in each of those
hours. A 'lumpy' distribution similar to that of Run 10A was used for
Run 12B, but again, only for the 44 most popular hours, e.g., 2/170 in
each of the second least popular hours and 5/170 in each of the most
popular hours.

The net effects of these appreciable schedule changes were negligible
in terms of costs. In each case, class sizes declined in comparison to
Run 10A and operating costs increased correspondingly. Facilities costs
(debt service) changed only slightly. 1In general, flat distributions were
more costly than lumpy distributions and the 67-hour week was more effi-
cient than the 44-hour week from the standpoint of classroom utilization.
The analysis of these and other such tests shows that as long as faculty-
staffing is determined on a contact=hour basis, and as long as students
show even modest preferences for some hours over others,9 then even sub-
8tantial alterations in classroom scheduling will do little or nothing to

change costs.

9Input parameters representing very conservative estimates of the
clags—-scheduling effects on class size were included in the reference data
set and these were left unchanged for the comparison runs. During sensi-
tivity tests, it was found that still more conservative estimates provided
little hope for cost-savings resulting from changing class-scheduling
patterns.
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Tgble 14 summarizes the 10-year projections of six test runs. Note

that the 2% change in total variable costs induced solely by random varia- .
tions (Runs 1A and 1B) is greater tharn the percentage variation induced by
a scheduling change which cuts by one-third the number of hours in which
classes are scheduled (Runs 10A and 12B). Care should be taken in the
comparison of single examples of what-if tests because of the range of
results induced by random variations. It is possible that the low end of
one range would overlap the high end of another. The results displayed in
Table 14 are, however, typical of the many test runs which were made and

are representative of the ranges of possible outcomes.
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FUTURE DEVELOPMENTS

Planning models, like freeways, are never really completed. There
are always old gections to be modified and new ones to be added. SPACE
is no exception. One major weakness of the modéi is the non-interchange-
ability of class labs from one level to the ne:xt and from discipline to
discipline. Originally this restriction was intenacd to serve as a surro-
gate for the actual non-interchangeability of lab facilities between
fields within disciplines. However, for campuses which regularly schedule
a certain percentage of their lab classes in class labs of the ‘wrong'
discipline, the current procedure is unnecessarily regtrictive. Accordingly
the Office of Analytic Studies, California State University and Colleges,
i1s currently modifying the FAMSIX module to permit user-defined inter-
changeability of class labs.

Another questionable characteristic of the model 1s its inability to
construct class facilities optimally. Occasionally fhe model will encounter
a need for a new room of, for example, size 9 in one hour and a need for a
new room of size 10 in the next. Because the model, in its current form
cannot look ahead at construction time, it would build two rooms in this
case when one would have served the purpose. By assigning the lowest
priority numbers, i.e., the highest priority, to the most popular hours
this problem can generally be avoided. However, an additional routine to
‘take a second look' at the construction needs should be developed. The
California State University and Colleges' Office of Analytic Studies is
working on such a routine, although it appears to be expensive to run.

The staffing calculations in the VARICOS module are still somewhat

simplistic. A more realistic model would include cahsideration of tenure
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status, death and retirement rates, and rank advancement probabilities,
These features are still under consideration.

Finally, at least in principle, the model is adaptable to micro
analysis of individual disciplines by treating the 33 ‘discipline' cate-
gories as individual departments or other course groupings with closely
related facilities needs. The feasibility of using the model at that

level of detail will be the next subject of investigation.
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INPUT SPEC.FICATIONS: FAMSIX MODULE

l. 16, IX, S101, S210, S400 FORMAT (219, 3I1)

Two odd valued integers of 9 or fewer digits. IG 1s the starting value

for the randomization of the distribution of weekly student hours to

class sizes. IX 1s the starting value for the randomization which assigns
classes of a given size to room sizes. S101, S21¢, S400 are print switches
for Tables 101, 211 and 212, 401 and 402, respectively. Value = 1 means
print, value = O means don't print. One card.

2. NCAMP, NRUN, NDATE, NUMYRS, NYEAR FORMAT (4A4, 12, I4)

Descriptors of the run. NCAMP is a 4-letter abbreviation for the campus
name. NRUN is a 4-character alphameric code for the name of the run.
NDATE 1is an 8-character alphameric code for the date the run is performed.
NUMYRS is the number of years for which data is provided in this run.
NYEAR is a 4-digit integer representing the base year for the run, elg.,
1970. One card.

2a. DNAME FORMAT (20A4)

4 cards. The first 3 cards contain 10 entries each, the last card 4 entries.
Each entry is an 8-character alpha code for the name of a discipline. The
entries are arranged in natural order, 1-34. The 34th entry must be the
word "ALL." The entries should be left~justified in the 8-character fields.
3. ACS FORMAT (15F4.0)

The average class size in each class size range. One card, the entries of

which read from left to right in ascending order of sizes.

ITEMS 4 -~ 14 PERTAIN TO NON-LAB DATA

4. NSTATS FORMAT (I3)

One card with one entry. The number of cards in data set 5 (which is equal
to the number in data set 6). -

5. WSHR, J, K FORMAT (15F4.3, 6X, 12, Il1)

For each combination of discipline, J, and course level, K, one card is
possible. Each card contains, in addition to the identifiers J and K, up

to 15 values. These are the means of the distributions of weekly student
hours to the 15 possible c¢lass size ranges in ascending order of size. For
combinations of J and K for which all values are zero, no card is necessary.
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6. WSHD, J, K FORMAT (15F4.3, 6X, I2, 11)

Same as data set 5 except the entries are standard deviations for the
distributions rather than the means of those distributions. (The distri-
butions are assumed to be Gaussian). For each card in data set 5 there
must be a corresponding card in data set 6.

7. NOURS, NGRUMP FORMAT (2I3)

NOURS 1is the number of hours in the week during which classes are
scheduled. The maximum value is 96. NGRUMP is the number of priority
listings, i.e., the largest n.o ber in the priority schedule to which an
hour of the week 1s assigned. The maximum wvalue 1s 250,

8. GRUMP, GRUMP2 FORMAT (213)

There are NGRUMP cards, each with 2 entries. GRUMP is an integer in the
interval 1 through 96. GRUMP2 is the priority assigned to the hour (an
integer in the interval 1 through NGRUMP. The cards are to be ordered by
hour in ascending order. Where there are multiple priority assignments

to a given hour the cards may be ordered in ascending values of GRUMP2.

For example, a set may begin with the ordered pairs: (1,6), (1,19), (2,5),
2,7), (2,35), (4,16), (5,1), (5,17), .... All values of GRUMP2 in the
interval 1<GRUMP2<NGRUMP must be included. No values of GRUMP2 may be
repeated. -

9. YELP FORMAT (F10.0)

The exponent for the function relating class size to the hour of the week
and the proportion of weekly student hours scheduled in classes during that
hour. The form of the relationship is:

X = afpy .

Here, x 1is the average class size in the hour;
a 1s the average class size in all hours;
f is a factor determined for each hour;
p is the proportion of weekly student hours in scheduled classes
during the hour; and
y is an“exponent which is not hour-specific.

10. FACT FORMAT (10F7.6)

The factor, f, in the function above. There are NOURS such values with 10
values per card. The first value on the first card is the factor for hour
#1. The first value on the second card is the factor for hour #11, etc.
Thus, if NOURS = 78 for example, there wuuld be 8 cards.



49

11. DS8, L FORMAT (15F4.3, 10X, I2)

Proportion of classes of a given class size range which are assigned to rooms
in each room size range. For each class size range (i.e., 15) there is one
card. The cards are ordered in ascending values of class size range. L

is the class size range identifier. The sum of the 15 values on each card
must be 1.0.

12. NLREQ, NSTA, NLASF FORMAT (12X, 3I12)

Base year inventory. There are 15 cards, one for each room size range.
The cards are ordered in ascending order of room size. Each card has 3
values. The first, NLREQ, is the number of rooms in the size range. The
second, NSTA, is the total number of stations in the rooms of the size
range. It is not the number of stations per room. NLASF is the total
number of assignable square feet in rooms of the size range.

13. NLFNS FORMAT (1514)
The number of stations in rooms which will be constructed by the model.
There is one card with 15 entries. Each entry represents the stations per
room for a given room size. The entries are ordered from left to right in
ascending order of size.

14. FFPSNL FORMAT (1514)

The number of assignable square feet per station for rooms to be constructed
by the model. There is one card with 15 entries. Each entry represents

the asf per station for a given room size. The entries are ordered from
left to right in ascending order of size.

15. - 22.

These data sets are identical respectively to data sets 4 — 11 except that
they represent LAB classes and rooms. Note that NSTATS, NOURS, and NGRUMP
may have different values for lab and non-lab data.

23. NCARDS FORMAT (I13)

The number of cards in data set 24.

24, L, LREQL, NSTAL, LASF, J, K FORMAT (I2, 10X, 3I12, 20X, 2I2)

For each class-lab size, L, discipline, J, and level, K, for which there is
non—~zero data, there is one card. LREQL is the number of class-labs in the
base year inventory for the L-J-K combination. NSTAL is the total number
of stations in those class-~labs. LASF is the total number of assignable

Q square feet in those class-lahs. The order of the cards is not important.
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25. NCARDS FORMAT (I3)

The number of cards in data set 26 (which is equal to the number of set 27).

26. LFNS, J, K FORMAT (1514, 8X, 2I2)

For each combination of discipline, J, and level, K, with non-zero data
there is one card. Each card contains the number of stations in class-labs
to be constructed by the model in each size range. There are 15 values per
card, each representing the stations per lab for the 15 size ranges ordered
from left to right in ascending order of size. The cider of the cards is
not important.

7. FFPSL, J, K FORMAT (1514, 8X, 2I2)

For each card in data set 26, there is a corresponding card representing the
assignable square feet per station in labs to be constructed by the model.
The sets are identical in form and specification except asf-per-station is
-to replace stations=per-lab.” ~7 - o

ITEMS 28 AND 29 ARE TO BE REPEATED FOR EACH YEAR OF THE RUN (i.e., 28, 29,
28, 29, 28, ....)

28. WSH, J FORMAT (3F10.2, 39X, I2)

Non-lab weekly student hours. There are 33 cards, one for each discipline.
If there are no weekly student hours, for a given discipline a card which

is blank except for the discipline number in columns 70-71 must be included.
The cards are ordered in ascending order of discipline. Each card contains
3 values, one for each course level. The first value is for level 1, the
second for level 2, the third for level 3.

29. WSH, J FORMAT (3F10.2, 39X, I2)

Lab weekly student hours. This set is identical in form and specification
to set 28 except Non-lab is replaced by Lab.

NOTE: The maximum number of disciplines is 33.
The maximum number of levels is 3.
The maximum number of sizes is 15.
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INOUT SPECIFICATIONS: VARICOS MODULE

It is assumed that the following shall apply to card-input. If VARICOS is
run in tandem with FAMSIX, the user may "equest that FAMSIX will write data
sets 1, 13, and 14 onto tape or temporary disk storage. If this is done,
it is assumed that the storage file will '"look like cards."

1. NCAMP, NRUN, NDATE, NUMYRS, NYEAR FORMAT (4A4, I2, I4)

1 card. NCAMP is a 4-character alpha abbreviation for the campus nzme.
NRUN is a 4-character alpha abbreviation for the name of the run. NDATE
is an 8-character alpha abbreviation for the date of the run. NUMYRS is
the number of years for which data is provided. (Maximum value is 10).
NYEAR is the base y:ar for the run (e.g., 1969).

2. DNAME ’ FORMAT (20A4)
4 cards. The first 3 cards contain 10 entries each, the last card 3 entries.

Each entry is an 8-character alpha code for the name of a discipline. The
entries are arranged in natural order, 1 - 33.

3. Al, A2, BY¥, B2 FORMAT (6F10.0)

132 cards a{}anged in 33 sets of 4 cards each. The first card contains Al,

‘the second{A2, the third Bl, the fourth B2 for each set. The sets are

arranged by discipline in natural order. Each card contains 6 values:
first Non-lab.data for course levels 1-3 followed by Lab data for course
levels 1-3. Al 1s the proportion of weekly room hours in the appropriate
level, type, and discipline which are taught by TA's. A2 is the same
data for the non-TA part of the academic staff. (If there were no team
teaching .l + A2 would equal 1.0). Bl is weekly contact hours per FTE
for TA's. B2 is the same data for the non-TA part of the academic staft.

4. FACSAL FORMAT (6F10.0)

1l card containing 4 values. Average yearly faculty salaries for the four
faculty types. In order, these are: TA's, irregular ranks, regular non-
tenured, tenured.

5. €2, D2 FORMAT (6F10.0)

33 cards arranged in natural order by discipline. Each card has 6 values:

2 for C2, and 4 for D2. The first C2 value is ron-TA instructional staff
per TA in non-Lab courses, i.e., supervision by non-TA faculty of TA's
generated by non-Lab classes. The second C2 value is the Lab-class counter-
part of the first. (Typical values are 0.1). The D2 values are non-TA
faculty per student for each student level: LD, UD, Grad 1, Grad 2 in order.
These values represent independent study workloads when A2, B2, and C2 are
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5. <{continued)

non-zero. They may be used to generate faculty on a strict student/faculty
ratio by setting A2, B2, and C2 to zero. However, it is necessary to
generate TA's via workload computation and the Al, Bl parameters.

6. SUPRAT, RKDIST FORMAT (6F10.0)

33 cards arranged in natural order by discipline. 4 values per card. The
first value is discipline support $ per non-TA faculty. The next 3 valuss
are the distribution of non-TA faculty by rank, i.e., proportion of non-TA
faculty which are, in order, Irregular, Non-tenured, Tenured.

7. Rl, R2, 01, 02, S1, S2 FORMAT (10F8.0)

33 cards arranged in natural order by discipline. 10 values per card. The
first 2 values are research ASF/non-TA faculty and research ASF/TA. Then
research ASF/Grad 1, and research ASF/Grad 2. 0l and 02 follow the same
pattern replacing research ASF viith office ASF. The ninth value, 51, is
support ASF/research and office total ASF. The tenth value is’ support ASF/
class—~lab total.

8. CAPFAC ' FORMAT (10F8.0)

33 cards arranged in na:ural order by discipline. 5 values per card.
These are capital cost .‘zctors for each type of space, i.e., $/ASF for
classrooms, class labs, .esearch, office, and supporting ASF. Each of
these numbers will be multiplied by an index number (cf. Item 11 below) so
it is possible to treat these numbers as multipliers of an overall cost/
ASF index.

9. K, INASF (3-5, K), NDCHK FORMAT (I2, 3I10, I2)

Inventory of non-class ASF. For each discipline, K, with non—-zero inventory

of non-Class ASF there is one card. Tach card contains in order: discipline
number, inventory research ASF, inventory office ASF, inventory support ASF.

The last physical card must additicnally contain a 1 in cc. 34 to signal

the end of the set.

10. SINFL, BR, BL FORMAT (2F5.0, I2)

One card containing 3 values. SINFL is an inflation factor -~ annual rate of
inflation for physical facilities less annual rate for operating costs plus
one - e.g., 1.01. BR is the rate of interest on bonds, e.g., 0.03. Bl is
the bond life, e.g., 25.

11. CSTDST, D4MNO, DPSQFT FORMAT (10F8.0)

One card containing 6 values. The first 4 values are the Jistribution of costs
over the 4-year period of capital construction for any project, i.e., the
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1l1. (continued)

proportion of the total project costs incurred in the first through fcurth
years of construction. The fifth value is the overall $/ASF figure for
maintenance and operation of physical plant. The last value 1is the overall
$/ASF figure for construction (or the comparable index figure - see Item 8
above).

ITEMS 12 - 14 ARE TO BE REPEATED IN ORDER FOR EACH YEAR OF THE TEST RUN

12. ENR, NDCHK, K FORMAT (4F5.0, 12, 46X, I2)

Enrollments by discipline and student level. For each discipline with
non-zero enrollments, one card conteining 5 values. The first four values
are the enrollments for LD, UD, Grad 1, Grad 2, in order. The fifth value
is the discipline number (cc. 69, 70). The last physical card must contain
a 1l in cc. 22 tc signal the end of the data group.

13. I, K FORMAT (212)
WRH FORMAT (314)

Weekly room hours by course level, discipline, and class type. For each
combination of discipline and class type with non-zero weekly room hour
data there are two cards. The first card contains two values, the class
type, I, and the discipline number, K. The second card contains three
values: the number of weekly room hours in each course level for that
discipline and class type. The WRH are ordered LD, UD, Grad.

At the end of this group of cards, there must be one blank card to signal
the end of the data group.

14. K, INASF, NWASF FORMAT (I2, 4I10)

33 cards containing 5 values per card. The cards are ordered serially by
discipline. The first value is the discipline number. The next two values
are the non-Lab and Lab inventories. The final two values are the non-Lab
and Lab newly constructed ASF. The inventories include the new ASF.
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FAMSIX - PROGRAM LISTING

THIS IS FAMSIX DESIGHED ANL WRITTEN BY DUNOVAN SH{TH, We GARY WAUMER,
aNO JUHN LAFLER QOF THE GFFICE uF ANALYTICAL STJULES,
VICE PRESIDENT — PLANNINGy UNIVERSITY uF CALIFIRMIA,.

[HE CODING OF SUSBRUOUTINE NLSPIL HAS OEEN ACAPTED FRJIM CCHE-FAM,
A PRUDUCT OF MATHEMATICA I[NC.

LIMMENTS REFER TU THE FLOW CHART UF FAMSIX dY BOX LETTER.

THIS PROGRAM HAS UEEN TIMEQ BY A BUOLE ANO UABBAGE PKUDULT AMO
FINe—=TUNING PROSRAN CHANGES MADE FOR INCREASED EFFICIENLY.

WELXLY STUDENT HUURSe CLASS SIZES AND RLGM HOURS ARE GENERALLY
CARRIED AS INTEGERS AAD ROUNUED WHEN NECESSARY.

INFTEGER*2 1S5 USED THROUGHOQUT THE PRAGRAM TU MINIMIZE STORAGE.

HERE FOLLOWS A OICTIONARY OF MOST VARIABLES USED IN THIS PROGRAN
£ ACEPT THOSE UF THE FURM LsLLysdJJ ETC WHICH ARE LOCAL COUNTERS
JR DO LOUP ARGUMENTS.

ACS IS THE AVERAGE CLASS SIZE FOR 15 CLASS SIZE INVERVALS
ADUM IS THE TEMPURARY HOLDING VARIABLL HOLDING GAUSS {AN RANDGOM NUMBER
AFT THE WORD YAFTER' FOR TITLES
AWSH 1S THE INITIAL COUNT OF WEEKLY STUOENT HJURS
BHEF THE WORD 'BEFORE* FUR TITLES
OATA TEMPURARY VALUES ACCUMULATED FOR PRINT LINES
CNAME OISCIPLINE NAME FOR REPURT PIRINTING
£S48 (FAM DATA SLT 8) SHUWS PRUBAGILITY JF CLASS UF A GIVEN SIZE
SEING IN ROUM CF A GIVEN SIUZE
FEPSL SP ALE STANJARD: NUMBER ASF PER STATION FOR LABS TO BE BUILT
FFPSNL SPACE STANDARD: NUMBER ASF PER STATIUN FUR CLSSS RUOMS TO
BE BUILT .
FPS TEMPORARY VARLABLE: FEET PER STATION USED IN TABLES/501.302
FPWSH ASF PER WELKLY STUDENT HOUR /
GASP IN HOUR LUGP IS TEMPORARY VAKIABLE HOLUING DISTRIBUTION OF
CLASS SIZES BY ROOM SIZES A
IBLU TEMPURARY NUMBER OF RUOMS TG HE sUILT IN HJUR LOQP
I1G IS THE VALVE USED IN GENERATING RANUCA NUMBERS FOR THE
VARIATIUN IHN WCEKLY STUUENT HOUKS.
INASF CURRENT NUMBER OF ASSIGWADBLE SQUARE FEET FUR USE BY VAR(COS
IX [5 THE VALUE USED IN GEHLRATING RANUOM NUMIERS FOR THE
VARIATIGN IN ROOM SIZE ASSISNED TO A SIVEN CLASS
FACT 1S HUURLY FACTOR USED IN AUDJUSTING CLASS SIZE 8Y HOUR
GRUMP IS THE -HOUR TO WHIGH EACH PRIUKITY IS ASSIGNED
GRUMP2 IS THE PRIORITY URGER of THIS »RIORITY
JUM I35 A TEMPURARY VARLIASBLE #t¢PRESENTING CELLS UF JWRH IN TURN
JAALR 1S AN ORDEKED LIST OF CLASS HOURS
JWRH IS USED TWICEe THE FIRST TIHE IT [S THE JdEEXLY RUUM HUUKRS
DLR IVED .FROM THE ORIGINAL WEEKLY STUJENT HOJR3. THE SECOND
TEME IT IS THE WECKLY ROUA 1HOUKS ASSIGALD N THE HUUR SIZE
FUNCTIUN BY DISCIPLINE, LEvELy AND SIZE FJIR THAT HOUR.
KHCSZ SUMS UF CLASSES BY CLASS SIZE FUR TALLLS 40Ll,402
KHRSZ SUMS OF CLASSES BY RUUM SIZE FUR FABLES 4J1ly402
Khiktl HOUKLY CLASS HOURS BY ,0I5LIPLINE, LEVEL AND REVEKSE SIZE
ALL CAREFULLY LUMPED AS S5LUHGLE. SUBSCRIPT )
KKWitid HUURLY CLASS HIDURS BY SLLE UNLY, JSEL [N HUUR S12E FUNCTION
KWIRHUO SAME AS KWrH BUT PRUPERLY SUBSCRIPTEUL

OO0 O0ONONOOOC OO0 OO OO0 OO OO0 N OGO OO0 O0OCoOn

SO0 oO




LASF NUMBER CF ASSIGNABLE SQAKE FEET IN LASBS
LBLUL LAB RUOMS TO BE BUILT
LFN5S IS THE NUMGER OF STATIONS BY SIZE FOR CLASS LABS TO BE
SuUILT .
LP IS USED FIRST AS THE SIMPLIFLER SUSSCRIPT ,JF FIRST JWRH. LATER
IT IS PCINTER TO CURRENT PRIURITY TO BE U>ddZo IN HOUR LOOP,
LPP IS UUED AS PUINTER TU EVERKY CLASS HUOUR Wiicil MAKING UP JWALK. (LP
IS ONLY POINTER TO EVERY CELL OF CLASS HUOURS.}
LREQ LASFKF SUMMLD OVER ODISCIPLINES FOR PAINT I[N
LREQL 1S THEC INVENTURY OF CLASS LABS AT alNY TIME -
MREQ [S LREJL SUNMMED OVER DISCIPLINE FOR Rte?dRT ~URPOSES
MWRH CLASSES OVER ALL {iQURS 8Y DISCIPLINE, LEVELs CLASS SIZE
AND RGOM SIZE FOR LABS.
HWRHO TEMPCRARY CUUNT QF ROUMS 8Y STZ&, UISCIPLINE AND LEVEL
WITHIN HOUR LCOP. UPDATED LN NLSPIL.
NL IS THE NUMBER 1 REPRESERTING THE CARU READGR (N INPUT
NS IS TAE BUMBER 2 REPRESENTING THE OUTPUT FILLE FOR VARILOS
Ne IS THE NUMBER 5 HEPRESENTING THE PRINTER [+ JUTPUT
NCAMP IS "' NUMBER UF THE CAMPUS (FOR PRINTINUG)
NUATA TE&a JRARY VALUES ACCUMULATEU £0Ox PRINV LINES
NCATE IS ThHE DATE(3 CHAR FUR PRINTING)
NERR [S THE NUMBER OF CRKORS FUUND DURING READ IN QF DATA
NEWRH TOTAL WCEKLY ROUM HOURS OVER ALL AUJRS. .
NEWTAOT IS FIRST JWRH SUMMED OVeER DISCIPLINES FIR REPORTS
NGRUMP 1S THE MUMBER OF PRIOURITIES IN QCCURENCE FOR ROURS
NIT [S THE IVERATION NUMBER (FUR PRINTINGI)
ALASF TEMPURARY VARIAULE: USED FOR COMPUYTING UTILIZATION RATES IN
TABLES 301,302
NLBLD NUN-LAY ROUMS TO BE VUILT
NLFNS IS5 THE NUMUER OF STATIUNS 8Y SILE FOR CLASSROOMS TO 8E
BUiLTY
ALRE IS THE INVENTORY OUF CLASSRUUMS AT ANY TINMe
MMHULD NUMBER OF STATIONS: URIGINAL + QUILT 8Y SIZE AND LEVEL
hNOLl TABLE NUMBERS FOR TITLES
NOHKH SUM OQF NEWRH OVER GISCIPLINE FOR FOTAL LINES
NOURS IS THE NUMAER OF HUURS WHEN CLASSES MAY OCCUR
NPRO *NON' UR BLANK FOR TUTLES
NRMS THE SUM NF THE WLEEKLY ROGM HOUKS 1IN THAT HJUR{ONE NUMBER)
NRCUM *RUOM®' OR 4LAB' FOR TITLES
NRUN IS THE RUN NUMBER (FOR PRINTING)
NSTA 1S5 THE NUMZER OF STATIOUN> oY SIZE FOR CLASSRUUMS
NSTAL IS5 THE NUHBER OF STATIONS BY SI1LE FUOK CLASS LAUS
NWASE ASSIGNABLL SQUARLE FZET Ji- Ni:W RLCMS & LAY3 FOR VARICUS USE
NYEAR IS THE NUMnER UF THE YCAR {FOR PRINTING)
SI0L INPUT SAITCH TU PRIWNT TAJLE LOL
5219 INPUT SWITCH TO PRINT TAoLES 211,212
S400 INPUT SWITCH TO PRINT TAJLES 401,432
WRHS TEMPORARY CUUNT UFf ROOMS 8Y S12E W{THIN HOJR LOGCP, UPDATED
I KLSPlL. '
WRH3AV 'S HEEKLY ROUM HOUKRS ASSIGNED IN THk HJYR SIUZE FUNCTION BY
ULISCIPLINE, LEVEL ANU SIZE #UR AlLL HUJURS
WRHSUM TOTAL WEZKLY RUUM HOUR> OVER ALL HUURS
WRHZUM CLASSES UVER ALL HCURS bY CLASS Sl ANO RUUM SILZE FOR
NUN=LABS.
W51 IS THE BASIC WEEKLY STUOENT HUURS 8Y DISCIPLINE.LEVEL
AND LAB-NIN LAB AS READ [N {NUT DESTRIYEL)
HSHL 1S THE RANDUMIZED WSH [NPUT UVER CLASS SldlLk.
WSho IS THE DEVIATIUN USED I[N GENERATIXNG RANUDIM CHANGES 1IN
WEEKLY STUDENT HCUURS

COOOOOOO OO0 OO OO OO COCOON OO0 CO0COO 0000000000000 0S0
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WSHR IS THE MEAN OQF THE DEVIATIUN USED IN GENERATING RANDOM

C
C CHANGES IN WLEXLY STUDENT HUURS
C XOUM B ECUMES THE CORRECTIUN RATIU TO STABILIZE THE WEEKLY
C STUDENT HOUXS uY OISCEPLINE ANU LEVeL [N SPITE OF RANDUM-
Cc 1ZING CLASS SIIE
Cc YELP [S THE POWER FACTOUR USED IN ADJUSTING LLAS) SIZE BY HQUR
C
DIMcNSION ACS{L1S), US8ULS5415e2) s NDATEI(Z), WSHI{33,3,2)
1 ADUM(L1S5), FACT{{J()'Z)' NLASE(L5), WSHD{32,3415,2)
2 AFT(2) INASF(2,33)s NPRO(Z), WSHR(33,3:15,2)
3 AdSH(3353,21 sLASF{15433,3) s NRCCHI(2}, WSH1(33,3,415),
4 BEF(2) LREQ{3,15), NWASE(2,33),YeLP(2),
3 DATA(3), NOATAL(3), NOllal,
o DNAMEL 2, 34}
C
INTEGER*2 FFPSLIL15933,3) s KWRHD(33,3915), NNHOLD (3,15} ¢
L FFPSNLI(L5}, LoLDL (15,3331, NINRA( 3,151,
2 CASP{154151}), LFNS(1S,33,31), NJURS(2)
3 GRUMP({25042)y - LREQL{19433,3), NSTA(LS),
4 CRUMPZ2(250452)9 MREWI34151), NSTAL{15:33,3),
2 IgLo(ls), MWRH{1S5, 1543343}y WRHS(14),
o MWRHO{154334+3), WRAHSAV{3,15,331,
7 JWALK(12500}), NEWRH(33,3415), HRHSUI{{L5),
3 JHRHU3¢159330¢ NEWTAT(3,15), WRHIUA(L15, 151,
9 KHCSZ{15), NGRUMP(Z2)
A KHRS Z{L15), NLBLDLLS), S101»
B KKWHH(L15) » NLENS(15), SZ2100
" KWRH{L485] NLREQUOLS) S4Q4Q
Cc
Cc EQUIVALENCE STATEMENTS ARE F0OR OTURAGE EFFICIENCY EACEPT FOR VARILIABLES
Cc KWRH ANGC KWRHD WHLCRE A FUNCTIONAL CROSS &X18TS.
c .
EQUI VALENCE (ADUM(1)sNEWRH(L )} yWRHSUHIL))
EQUEVALENCE (KWRHUL) yKWRHU{L1) yMWRHO (L) s WRHSL 1)}
CEQULVALENCE(MWRHI{L )}y WRHZUM{L))
EQUI VALENCE (MWRH( 6001 ) ,WSHL(L1)}
CQULYALENCE (LBLDL{L)¢NLBLO(L))
C
Cc JATA STATZMENTS ARE FOR REPURT HEAUINGS :
JATA NOLLLI}sNOI(2),NOL(3)yNOLE4) yNOLIS) o NOLL ) s NROOMIL) ¢ NROOML 2]}/
LPOL 92028 "LLYH120,0210,022¢,'RC0MY," LAB'/
DATA NPRUCL) oNPRO(2}/*NUONY ,¢ v/
JATA OBEF(L)oBEF(2) JAFT{L) s AFT(2)/YBEFt, YORE" yPAFT? J¢ER?/
Nl=1L
No=a
NI=2
NZERC=0
NERR=0
Cc
Cc FOR SIGNIFICANCE OF INPUT VARIAULES SEE INPUT DUCUMZNTATION (60X A)
REAVINL,900) IG,!XsS101sS210s5400
WRITE(NOG, QLI LG, IX
READINL,902) NCAMP,NHUN, NOATE NUMYRSs NYEAR
WRITEINS , 902 INCAMP, NRUN:NUATE:N“HYRS:NYEAR
REAUINL 929} DNAME
REAUINL,J03) ACS
c .
c . FCLe ARy KCLEAR{INTEGER®2),; AND KKLLEAR ARL SIMPLE CLLARING RCUTINES

CALL FUCLEAR(WSHR 2970} '
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CALL FCLEAR{WSHD 2970}
vALL KCLEAR(CLFNS114385)
CALL KCLEAR(LREQL y1485)
CALL KCLEAR(MNSTALLl485)
vALL KKCLER(LASF,1485)
CALL KCLEAR(FFPSLeL1485)
ud [0 Il=1,2
KREAU(NL»904)INSTATS
uld L1 M=1lyNSTATS
Ll KEAJINL,905) JsXo {WSHR(J oKL oIl)l.=1s15)
U0 L2 M=1,NSTATS
12 RCAUINL905) JrKg {WSHD(J sKol oI 1) sL=1s1l5)
REAUINLy 934) NUURSILII) oNGRUMPIII) iy
NOR=NGRUMP LI
wd 13 J=1eNGR
13 REAUINLISOVA4A) GRUNMPLJ.1I, -GRUMP2(J,I11)
READINL,906) YELP(UII
NOQU=NCURSEII)
REALD(NL,Q07) (FACY(N,I1),N=1,K0U}
Ul 14 LL=1,+15
READINL,908) L,(OSB(LeMIT)eM=L,15)

C
C VARIGUS DATA CHECKS ARE PERFORMED BUT THE PROGRAM QNLY STOPS AT
c BEGINNING OF ACTUAL CUMPUTATIUN IF ERRURS HAVE QEEN FCUND.
EF{L.NEeLL) CALL ERRORINERR, S}
c .
C LS8 IS MADE INTO A CUMULATIVE -LIST
Ud 14 M=2,415
La UDSALL M LI I=0SBILIMIT)}+DSBI{LM~1,11)
- LFINERR.NE.O) STOP
[FLLleEJdaR) GI TO 16
DU L9 L=1+15
L3 REAUINL909) NLREQIL) 4NSTA(LY NLASF(L)
HEAL(NL,910) NLFNS
HEAU(NL2910) FFPSHNL
w(d TO 10
Lo REAU{NL1,904) NCARDS
00 L7 M=1,NCARDS
17 READINLeIGLL) LaJeK LREQUIL gJ oK) sNSTALULsJd2K) sLASF{LsJeK)
READ (N14904) NCAROS
U 18 M=1sNCARDS
13 REAUINLSTL2) JsKy (LFNS{LsJ oK) sL=1s15)
udl3 M=1.NCARDS
19 REAUINL9L12) JeKs(FFPSLAL 3K} sL=1415)
L0 LONT INUE
C
C HER: STARTS MAJOR LGUOP UF PROGRAM OUING ALl WORK FOR EACH YCAR(BOX B)

ul 100 NIT=1,NUHYRS
L1FGNITaGT. 1) NYEAR=NYEAR + 1
D0 10} [l=1],s2
UG LG1 JJ=1,33 '
REAVDINL1¢928) Jo(WSH{JsK9l1)sK=143])
IF{UJ.NEJ) CALL ERRBRINERRs5)
Lul CONT INUE
LF(HERR«NEL.Q) STOP
LALL FCLEAR(AWSHyL94)
LALL KKCLERUINASF,66)
CALL KKCLER{NWASF00)
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C TaBLE 101
1F(51C1.EQ.0) GJ TO 102
CALL PECPL(NOL(L) sNCAMP NYEAR yNIT s NRUNyNDATE yWSHy ) ONAME)
LuZ CUNTINUE -

C HERc STARTS LCUP FUR CLASS TYPE: 2=LAB, 1= NUN-LAJD. (8CX D)
Vg 200 [I=1,2

CALl. KCLEAR({WRHSAV,1485)

NGR=NGRUMP (I {) )

UJd 201 J31433 e

DO ¢01 K=14+3

ADUM=0.

DO ¢02.L=s1,15

ADUM (L}=0.

C GAUSS IS RANDOMN WUMBLER GENERATOR FUR NURMAL DEVIATES
IE(WSHO(I 9 Ko Lo l1)eGTe 4000Llo0Re WSHRUJsKyLoll)eule «0001)
LCALL GAUSSUIGHSHO(J KoL oI 1) oWSHREJ oKL 11} ADUMILY)

202 ADUA=AUUMIL) +X0UM
LIE(XCUMsGT e 00L) XDUM=140/XDUM
LU 201 L=1,415

c UISTRIBUTE WSH TO CLASS SIZES BY DISCIPLINE AND LEVEL (50X E)
201 WSHLUJ KoL }=ADUMIL) #XDUM%WSH(Js Ko I1)

Jd0 210 J=1.+33

U0 210 K=1,3

00 210 L=1.15

HGRMALLZE WSH AND GENERATE INLTIAL WEEKLY CLASS HIURS BY DIVIOING
BY AVERAGE CLASS SIZL AND ROUNDING TO INTEGERS {egx r)

210 JWRH{KsL ¢JI=WSHL(JsKeL}I/ACS(LI+.5

IF{5210,£Q.0) GO 1O 213

CALL KCLEAR(NEWTOT45)

WRITUCNG,913) NOL(II+2)yNCAAE yNYEAR ¢NPRO(I1) 4NITsdRUNsNOATEsBEF

U0 211 J=1,33

Ul <212 K3l,3

U0 212 L=1,15
202 NEWTOT(K oL )=NEWTOT(KsLI+JIARH(KoLyJ)

[gNaNe!

(aN g

TABLES 211,212
2L CALL PEEP2(JsJIWRH(1,1yJ) sACS,11,0,0NAME}
CALL PEEP2(34sNEWTUTLACS,11,0+DONAME)

THE D0 220 LOOPS AKE IN PREPARATICN FOR PRIUGRITY SCHEODUL ING

W ITHEN THCE HJURLY LCOP. THE VARIASLE KWRA IS THE VARIABLE

WWRHO CUNSIDERED IN THE FUORTRAN STORAGE JRUOER AS A ONE-DIHENSIONED
VARLABLE. JAALK IS AN QRDERED L1SY OF POINTZRS T THIS VARIAGLE
SCORTED BY REVERSE SIZE OF CLASS, LEVEL AND OISCIPLINE. WHEN THE
PRIGRITY ASSIGANMENT IS WANTED IT WILL BE EASY TOQ *WALK® DUWN THE
JWALK LIST.

213 LP=a

LPP=0
SUM=QC.
Uy ¢20 LL=1,15
VO <20 K313
U0 «20 J=1033
JUN=JhRH (K gl5=LLyJ)
LP=LP+1

aOoOnaoC OO
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LF(JUNLEQ.O) GO TO 220
SUM=SUM+ JUM*ACS{16-LL)
DU 21 a2l JUM
LPFaLPP+]

221 JWALK(LPT):-LP

2¢0 LONRTINGE
LP=)
LF{l [ .EQ.2) GO TO 230
LALL KCLYAR(INLEBLD,15)
CALL KCLEAR(WRHZIUM.225)
CALL KCLEAR(WRHSUM,15)
oC TO0 231

230 CALL KCLEAR{LBLDL,1485)
CALL KULEAR{MWRH,.22275]}
VALL KCLEAR{NEWRH,1485)

231 LF(54C0EQel) WRITEINGILALINOLILI) ¢NROCMLET)
NGU=NGCURS( IT)
CALL KCLEAR(IBLD,LS)
CALL KCLEAR(JWRH,.1485)
CALL KCLCAR(KHWRH,1485}

CALL KCLEAR(GASP.225)

c

C HER: STARTS TRE HOURLY LOOP . (BOX G)
DG 500 N=1NGQU

C

C LHELK TO SEE IF ALL REMAINING HUURS ARE EMPILY
LF{LP.GT.NGRUMP(II)) GO TO 300
NSW=0

C

C CHELK T4 “EE IF THIS HOUR HAS A PRICRITY ANJ SET 34I{TCH

30L LF(GRUMP(LPsI1)aNE.N)GO TO 303

NSk=1
H=GLUMP2(LP:IT)
LP=LP+]

0G 502 NAN=N;LPFNGR
inNN3 JWALK (NN

C ASSIGN CLASS HOURS BY PRIORITY{SEE LONG COMMENT ASGVE) {BUX H)
302 AWRA(NNNI=KWRHINNN}+]
L0 IC 301
dud LONTINUE
LF{NSW.LQ.0} GO TO 300
LF{8400.£Qe0) GO TU 304
NRMS=0
GALL KCLEAR(KHCSZ,15)
CALL KCLEAR(KHRSZ, 15)
3u4s AHSUM=0
Jd 310 L=1sl5
nKWRH (L) =0
00 310 J=1%32
U0 310 K=1,3 .
LF (KWRHDIJeKel6-L) +EQ. O } GO TO 310

FIND NUMBER UF CLASS HOURS B8 SIZE AND HOUR [N PREPARATION FOR THE
HUUR SIZkE FUNCTION ROUTINt. .
REURH (L) K KWRHL L) +KWRHD G 1Ky Lo=1)

o0 OMN0

nHSYN [S SUM OF WSH FOR HOUR ANDO 1S5S NEEDED FOR FX.
WHSUM=WHSU MK WRHO(J oKX 16=L}*ACS(L}
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31U CONTINUE

c THI> GENERATES THE HOURLY SIZE VARLATION
tA=FACT(Ny L1 ] *(WHSUM/SUMI*2YELP(I]}

OO

THE HOUR SIZE FUNCTION APPLIES FX AND CHAWNGES RUUM HUURS {BOx 1)
CALL HKSIFN{KKWRHyACS,JWRHy KaRilUy I Xy LY FX)
KSKCH=0

NOYe THAT THIS LONG 400 LOOP 1S BEING DOONE 8Y YEARy CLASS TYPEs HOUR,
VISCIPLINE, AND LEVEL AND THAT IT HAS OUJOLLE ANU TRIPLE LGOPS
AITHIN ITe. EVERY OPPQRIUNITY IS TAKEN TO B8YPASS, BUT
CODING ADUED HERE CCULD BE EXPEMNSIVE.

u0 400 Jal,3)

0 200 K=l 3

vl 410 L=1415

LF LIRRH({KsL+J) EQ. O) GO TO 41l0

NN=JWRH (K, Ly J)

HRHSAVIXK L sJ} =WRHSAVIK,L sJ) +NN

JWRHIKsL 4 J1=0

X ShuLH=1

U0 411 [=31,NN

OOOOO

KANDU IS A RANOGM NUMBER GENERATOR FOR A UNIFJRMLY OLSTRIBUTED
KRANDUM VARIABLE OGN THE CLUSED 0,1 INTERVAL

GALL RANDU(IX, IY,RATIQ)

LX=1Y

B0 412 H=L,4l5

coo

LLASSES ARE ASSIGNED TO RUOMS ACCORDING TQ rHE INPUT PROBABILITY
DISTRIBUTIUN (0S8)a AT THIS POINT WE SAITCA FRUM WEHEXKLY CLASS HOURS
(0 WEEKLY RCOM HOURS.
IF(RATIOUToDSU(L M, I1)) GO TQ 412
GASP (MsL) =GASP(MyL}I+]
IF{l1e.EWQe2) GO TO 413
WRHS(MI=WRRS{ M) +L
G T0 411
7,03 MARHD(M,J9 K)=MURHD (MyJyK)+1
vl IO 411
@ls CONY ENUE
WRITEING4915)
>TQP
411 CGNTINUE
410 CLCAYINUE
iFtlI4EQel) GO TO 400
LFIKSWCHLEQ.0) GO TQ 400
KSKLH=0

OO0

NLSPIL ASSIGNS CLASSRUUMS. ROQMS ARE NOT 'UiLT* [F A LARGER RCOM
1S FREEs BUT THE CLASS IS SPILLED UP. (BUX K}
CALL NLSPILLIBLD, 15sMRAHUGL9ed s K) s LAEUL L e 9K} ¢ GASP)

OO0

oo

COLLECT DATA FOR TABLE 40L [F NECESSARY
IF13400.EQ0) GO TO 414
VO «4L1l8 L=l,19
U0 217 M=l,15
KHCS L (M) =KHC SZL{M)+GASP (L M)
2l QHROZIL)=KRRSZ{LI+GASP{L M)
4ld NBRMa=SARMS+KHHSZ(L) .

[ Y T T SO S R S —




OO

O

[Nl gl

[aNaNaNel

L4

4lo

41>
4Ju

@2l
4l

420
430

Jud

234

pyg 415 L=1,15
vd 416 M=1,15

THI> LARGE MATRIX IS NECESSARY BELAUSE OF UCLUPANCY RATE REQUIREMENTS

ARRA (L oMo S oK) =MURH(L ¢M;J 1K) +CASP (L M)
VASP(LeM)=0

LBLOLL yJ e K}=LBLODL (L JaK)+IBLDIL)
st =0

50 70U WON'T LOSE TRACK OF WHAT YJU HAVE ALREADY

ITF(ARRAD (L 9J 1K) e GTLRKEQLUIL 3J9K) ) LREJLIL s JoKI=MURHD(L ¢ J¢K)}
BEWAHCJ 3o LIENEARH(J ¢ K gL ) +MARHD (L 3 JyK)

MARAC (L »J 2 K) =0

LUNT INUE

LONT INUE

IF(ll.EQe2) GO TO 430

THIS CODING (S EXACTLY PARALLEL TU COLING STARTINH3 AFTER 410, BUT
NOT BY OISCIPLINGL AND LEVEL SIWCE CLASSRUJMS AL INTERCHANGEABLE

CALL NLSPILULIBLO»15,WRHS yNLREQsGASP)

1F(5400.6Q.0) GO TO 419

UD 4c¢l M=1,415

VO 421 L=1+15

KHCS ZAM) =KHLSZ (M) +GASP (L 4,11}

AMHRIZ(L) =k HRSZIL)+GASP (L s M)

WNRMI=NRMS+GASP (L ¢ M)

uld 420 L=1415

ARHOSUMIL ) s hRHSUM{L ) +WRHS (L)

NLELC(L)=NLBLO(L)}+1BLDIL)

l8Lu (L) =0

PFUaRRSIL) «GTNLREQ(L?} NLREQ(L)=WRHS(L)

wRH (L =0 :

Ul 420 r=1l4l5

WRHZUMIL 51 ) =HRHZUM(L 4 M) +GASP (L ¢ M}

UASP(LsM)=0

CONTINDIE

LUNT INUE

TABLES 4011402
1F(54C0.E%.0) GO TO 300

THE WEEKLY CLASS HUURS BY CLASS SIZE BEFURE THE HIJUR SIZE FUNCTION
JR 'SPILLING UPY ARE CALLED 'BASE* IN THE TABLE

WHRITE(NG, VL6 IN,KHCSZ s NRMS, KHRSZ

WRITEINE9359) KKhRH

LGl INUE

WHEWs “HAT ENUS HOURLY LUUP, NUOW TO PICK UP THE LOQSE ENDS AND MAKE
UP THE REPURTS. THIS COULD PRUGABLY HAVE uEEN UUNE BY SUBROUTINE
BUT THE PRQGRAMMER HAU A PING~PUNG MATCH.

Ul 562 J=1,433

DO 502 K=1,3

pU 202 L=1l,415

AWSH{J oK 9 L 1) =WRHSAVIK s Ls JI=ACS (L) vAWSH{J oK L 1)

GUNT INUE :

IF(LlelQe2) CALL PEEPLINULIS) sNCAAP ¢NYEARINITINRUNSNDATE sALWSH, 2,

L ONAME)
CALL KCLEAK(NEWTQT+45) |
WREITEINGIYL3) NILCIT#4) s NCAMPYNYEAR (NPRO(CLIT) oN1F ¢ NRUN) NDATE, AFT



IV

2uY

211

512
S0

Siu

o PRV

521

62

00 560 J=1,33

DO 501 K=1,3

Ul 5C1 L=1,y15

NEWTOT{K yL)=NEUTUTIK; LIA*WRHSAVIK L o J)

CALL PUEP2(J s WRHSAV(Le1lyd) sACSs 11, 1,DNANME)D ’
CONI ENUE

LALL PLEP2(344NEWTOT+ACS»11,0,0NANE)

IF{il1.EQe2) GU TO S52Q
MRITE(NGyPLTINOLOLI) e NCAMPyNYEARyNRUGUMI L L) 9yNIT ¢NAUNe NOATE
nRITE(NGy7I8)CNAME(L )34} +DNAME(2934) ¢ NZERG,NLULY
WRITE{NG»F19) NOLLIL) ¢ NCAMPINYEAR ¢ NIT s HRUN yoiDATE o RAOMLIT)
LALL FCLEAR(DATA,3)

VALL KKLLER(NDATA,3)

LA FT=J

Ul 91C L=1,15

X=0e

¥=a(Q,

=0,

sN=0Q

FPH3H=0.

FPS=0.

[FINLREQILILEQ.Q)} GG TO s12
NDAFALLY=NCATA(L}+NLREQIL)

ETEMP=NLELCIL) *NLFNS(L)

WN=LTCMP+NSTA(L)

NSTA (L)=NN

ITEAP=1 (EMP*FFPSNL{L)

NAASF(1s L)=NHWASF(Y,1)}+ITEMP
WLASF(L)=NILASF(L)+ITEMP

NLASFT=NLASFT+NLASF(L)

FRS=NLASFIL) ZELQATINN)

NDATA(2) =NCATA(2)+NN

Y=WhSUM(L )

Y=Y/ MLREQ(L)

DOQ 5ll N=L,1%

X=X+ ACS (M) SWRHZIUMNIL 4 M)

LF(X «GTe «CO0OL) FPWEH=NLASF(LYI/X
UATA(3)=0ATA(3)+X

XaXx/hN

LF{YGTo »QO0L) 2Z=X/Y

L0 TQg 513

IF(ARRSUMIL).EQ.C) GO TO 510

WRITE(NG,920) LaMNLAXEQUIL) yNNsWRHSUNIL) s YeZ s X, FPSFPUIH
NOATA(3)=NCATA(3}+HRHSUM(L)

CONT INUE

A=NDATA(L)

DATA(L)=NDATA{3)/X

DATA(3)=0ATA(3)/NDATALZ)

VATA{2)=0ATAI3}/DATALL)
FPS=FLOATINLASIT)/NDATAL2)

FPhHOH=FP3/LATA(3)

LNASELLsLl) =NLASFT

WRITE{NG»9ZL) NOATA,UATAFPSFPHSH

G TG 200

MRITLEANG QLZINQLII L) yNCAMP yNYEAR yNRUOME T L) o NIT o NRUN,NDATE
WRITEINS 9322 NLERQ,NZERO

VG 521 J=1,33

00 221 K=1,3
WRITE(NG6yGLO)ONAMEL 1o J JoONAME( 29 J) s Ke ( LBLUL{L»JsK) oL=1 41 5)
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NRITEINGILIINQLITI ) s NCAMP NYEAR NI To NRUNSNIATE ¢4NRGIM(LT)
CALL KCLEAS(INANHCLOs45)
CALL KCLEAR{MRED 45)
VALL KCLEAR(NCNRH, 45)
VALL KKCLER(LREQs45) *
Ju 33C J=1,33
VY H30 K=321,3
NET=C
CALL FCLEARIDATA,3)
CALL KKCLER{NCATA,;3)
VU 331 L=1,15
Y=0.
X=0a
{=Ca
NN=0
FPS=0.
FP®3H=0.
IFILRCEQLIL ¢JsK)aEQ.Q) GO TO 533
NOATA(L)=NCATA(L)+LREQL(LyJyK)
ITEAPLOLOLILsJsK)=LFNSILyJeK)
liN= ITENP + NSTAL{L,JsK)
NSTAL{LoJsK)=NN
LTCAP=TTEMPHFPSILILsJyK)
HWASF(2¢J) =NWASF(2:J)+]TEMP
LASF(LsJ oK )=LASF (Lo JeKI+ITENP,
INASF(29J) =INASF(24J)+LASF (L ¢JdsK)
LREGIKL)=LREQIKsLI+LASF (L 9JsK)
NFET=NFT+LASF (Led oK)
NUATA(2)sNGCATA(2) +NN
Y=NehilH(Jg Kgl)
Y=Y/ LREQLALsdsK)
00 532 N=l,L
532 A=X+NHRH(L sM,J,K)*ACS(M)
JATA(3)=0ATA(3) +X
X=X/ NN
ENHILD(K s L )SNNHQLO (KoL } +NN
HREJ{KsL)=NREQUK,L)+LREQLILsJsK)
FPS=LASF(L sJoK)/FLUATINN)
LF{AaGT e «Q00L} FPUSH=FPS/X
IF(YJCQa0.) GO TO 533
L=X/Y
533 NUNRHIKsL) =NONAH(K L) +NEWRH(JsKsL)
NDATA(3)=NCATA(I)+NEWRH(J KoL)
LF(LREQLIL g J oK) aNE e QeUORJNEHRHIJ KoL) eNELQ)
LHRITE(NO ¢ F2I)ONANE(L2J) s DNAML (2} 4Kyl
l LREQL (L g JaK) sANyNEWRH{I s sL) oY o 2y X o FPSyFPaSH
531 CANT INUE
A=MDATALL)
JIF(NDATA(L).EQ.Q) GO TQ 530
UATA(L)=NJATA(3)/X
DATAU3)=DATAL3)/NDATA(2)
UATA(2)=0.
FPS=FLUATINFT)I/NDATALZ)
FPhaH=0, :
IFIJATA(]) oGT, 0001) FPWSH=FPS/0ATA(3)
IF(VATA(L) oEQeDa) GO TO 534
JATA{2)=DATA(3)/DATA(L)
534 WRITEINOGO924)CNAME( LgJ ) s DNAME(2,J) sKyNDATAZDATAFPSFPHSH
530 LUNTINUE :




540

594
55¢

590
240
1ou
EIVIV)
9u i
9ue
9J3
PIVES
993
Yo
07
9uu
999
9LQ
Fud
9Ll
91,

Fia
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Ul 240 K=1.33

mRITEING¢F25)K g INASFUL oK) o INASF(Z2oK) p NHASF{LsX) s NAASF (24K}
WRITE(NOsILFINQLUIT ) s NCAMPyNYEAR GNITyNRUNSNUATE oNHCIMITT

Ui 250 K=1,3

CALL FCLEARI{DATA,3)

LALL KXKCLERINUDATA,3)

NFT=0

U0 451 L=L1.15%

LFAREQ(K, L) aECe0Q) GO TU 551

NET=NFT+LREQ(K L)

woATA(L)Y=NCATA{ L) +MREQ(K (L)

NOATA(Z2)=NEATA(Z)+NNHOLO{K,L)

NOATAC3)=MCATA(3) +NONRHIK L)

Y=NMINRH(K, L)

Y=Y/ FREQ(K,L)

A=hJINRH{K, L)} =ACSIL)

DATA(3)=0ATA(3)¢X

A=X/NNHOLD {K,L)

FPS=FLOAT(LKEQ{(X L) }/NNHOLD(K,L)

FPWOF=0a

IF{Y«EQeQe} GO TO 552

L=X/Y :

WRITEING 926K oL yMREGIKs L) ¢ NNHULDIK L) ¢ NCNRACK L) o Yo ly Xy FP S, FPHNSH
LONT INUE

A=NOATA(1)

iF(X.EQe0Q) GO TQ 550

UATAL L) =NDATA(3)/X

JATA(3)=0ATA(3)/NDATA(2)

JATAL2) =0,

FPUHUSH=C.

rPS=FLOAT(NFT)/HNDATA(2)

LF{DATA(3) «GTe «000L) FPWSH=FPS/DATAL(3)

LTF(OATA{L) «CT. «000L) DATAL(Z2)=DATAl3}/DATA{Ll)

aRITE(NGs92TIK ¢yNCATASDATALFPSFPHOH

CUNT INUE

LUNT INUE

FCRAAT(219,4311)

FORMAT(//Y 1o=1419,0 1IX=1,19)

FOGRMAT(4A4 J2414)

SORMATL15F 4..0)

FORMAT(LSI 3)

FORAATITOT ;12511 sTlelb5F4.3)

tORHAT(F1l0.0)

FORMAT(LOF T.6)

FORAAT(TTL 202:TLe1l5F%.3)

FORAATLL2K,3112}

FORMATLLS14)

FORNAT (12, T09,212,T13,3112}

FURAAT(T 69,212, TLls1514)

FORMAT (P LFAM TABLE 2'3A25"' FOR %,44,' IN YEAR v+14,039,

Lads' LAY WEEKLY RQUM HOURS BY DISCLPLINE®*/Y [TLKATIGN" 4 124%y RUN ¢,
A4,' v ' 42A430X'FOR EACH CLASS SIZC AND CQURSE LeVEL'//
JOXSTHESL WEEKLY ROOM HUUR TUTALS ARE THE RESULT OF A GAUSSIAW'/
4oX'RANDOHTZATION OF THE CLASYS SIZE ULISTRIGUTIUN® ¢2A3,' DISTRIBUTIN
SUT/UXTCLASSES TJ HUURS ANO THEN 10 RUCMS ACCURULING TQ 0SHY//

e TX*WEEKLY RCUMN HOURS IN EAUH CUURSE LEVEL'/Z'OLISCIPLINE  CLASS SI
TeC' TXY 1%, 10422 ¢ 10X'39, 35 TUTAL//)

FORHAT IV LFAM TABLE 47,42, /720X'WEEKLY RULUN HJIURS TN CACH HOUR /27X
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i?FOR CLASS "3A4,°5*//2X'HUOURYy12X* 1 2 3 4 5

Z Q 7 ] 9 10 1i 12 13 14 1% TOTAL
3 ")

Yta FORAAT(LHO,'EGAD,[ SPUN QUT CF LOQP 412%)
Fio FURMATIIHO o1 3,3XCLASS SIZ2E:'41l6Tos/TX*RUO4 SIZE: Y1 14,1516)
9Ll FORAAT('LIFAM TAJLE 5*'3A2,' FOR *4A4," IN YEAR "4lb,':?,
1 NEWLY CCMPLETED CLASS' A48/ ITERATLION' 3124 RUN "4A 4"y ',

LeAas /13X SlceE: 1 2 3,
s ! 4 5 (] 7 8 9 10 11 12 13
3 14 L5 /1X'CISCIPLINE LEVEL*/}

9id FORAAT(3X2A494XiLe2X1516)

91 FCRMAT (' LFAM TABLE 3?,A2,' FOR "4A4,' IN YCAR ",1l44': HWEEKLY ROCM
L RCUM HUOURS AND UTNILIZATION RATESY/Y  ITERATIUN 2912+ RUN'4AG,
Yy V3 2A4 TRV IN CLASOH  sA% 'S/ //79XYTHELE NUMIERS JF alEiLY KOGM HUU
IKS ARE AGCREGATIONS OF'/9X'THE FINAL NUMBERS IN ALL HUURS IN EACH
«RUQA STZEY/IX*WITH ALL OTHER DATA CORRESPUMNIINGLY ASGREGATED'///

FPACE LR HI N3« TGTAL TOTAL WRH PER UNATY Wi PER ASF PE
ok ASF PER'/® DISCIPLINE LEVEL SI1ZE ROVAS  STATIONS WRH R
wUQOM ST CCC  STATION STATION WSH'/}

J¢ey FCRAAT{TX®ALL ALL' 92174089 159sF8alsF94343FJ42)

924 FARMAT{TX* ALL ALL ALLY g 16 V%0 g IT 48 J [0 %, FTal 0% ¢,F3,3,0%0

l3(Fde2s"'a")}

922 FURMAAT(2]2)

923 FUORAATUAX2A4,14217,18,19,F8.1yF94343F9.2})

9249 FORMATIAX2A4 31 4904X s ALLY glSo? %Y ([ T47%9 (B, 008, Flale?®",FB.3,%%1,
L3(F3.2,'%24)/)

929 FORAAT(12,4110) :

o FOPMAT{TIXTALLY 315,217,18,19F8.13FY9.343F9.2) .

92! FORMAT (77X ALL?® 115:‘0X'ALL'!16|"3'.‘71'*'!15;'*'.F(011'*'1F8¢31'*' v
L3{Fd 2428 )/)

9es FORMAT(TTO12,T143F10.2)

929 FORMATI20A4)

999 FORMAT(TXy 'BASE! yTX51518)

tND
SUBRCUTINE HRSZFN{KKWRHs ACS, JWRH, KWRHODy IXy LY, FK)
ENTeGER®2 KKNRH(IS):JHRH(3.}5.33|. KRARHD(3343,415)

vIMchSTION ACS(13])

THE FUGLLOWING LOOP THROUGH STAYEMENT NUMBER 12 HAS Thé SCOLE PURPQSE
Of ADJUSTING THE KUMBER AND S{LE OF WLEKLY ROJH HUURS UNULER
THE IMFLUENCE OF THE CLASS SILE FUNCTIU4. WEEKLY STUQENT HCURS
BY HUUR, OISCIPLINE AND LEVEL ARE KEPT APPRUAIMATELY CCONSTANT.
TO DU THIS THE FOLLOWING STEPS ARE PLIRF.JRMED:

1. THE CLASS SIZE FUNCTIOGNIFX) IS FUUNDe({LlN MAIN ROUT INE)

2. FOR EACH CLASS SIZE A NEW ACTUAL CLASS SI[ZE IS FOGUND BY
PULTIPLYING THE OLD NGMINAL CLASS SIZL 4Y fX.

3. THE STUUDENT POPULATIGN Ih THAT HGUR AND NIAINAL CLASS
SIZE IS REDISTRIBUTEL TJU THE TwO CLASS SIZESICF THE RANG
AVAILABLE) UN EITHER SI0DE OF ThE ACTUAL CLASS SIZE THAT
HAS BEEN FOUNV. THIS IS OCNc IN SUCH A WaY AS YO TRY TdQ
KEETP THAT ACTUAL CLASS S12iz AN TJ KEEP THE STUDENT
POPULATION APPROXIMATELY CCNSTANT,

4« THE NiW MUMBER UF WEEKLY RQUM HUUHL bY A0UR AND CLASS
SIZE MAY oL BIGUER UR SMALLER THAN THE UL NUMBER. IN
EITHER CASE THE NEWA WEEKLY RCLCM HUURS A& DISTRIBUTED

{PRUPORTIONALLY TO THC OLDIALRUSS JISCIPLINE AMD LEVEL.

5 IN GENERAL IT SHOULD HE PUINTED UJUT THAT THE HUMBER CF

SPECIFIC CLASS SI1ZES LIMITS THE QuUALITY QF THE ROUTINE.

o e e et e g e g m— e e ey s ——
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UiIFF=0.

U L2 L=l,lH

Ll=Lo-L

[F (KKuRH(LL) <EQe O} GO TO 1¢

1F (AdS (FX-la) LTe Q1) GU TO 512

LF LFX oGTe le) GO TO ol2 v

c

C THiIS Is wHEN CLASS SIZE WILL DECREASE

C tilL wicl POINT TO HIGHEX OF 2 NEW CLASS SIZES

C KKWKH IS NUMSER UF RUUM HUURS ORIGINALLY ASSIGNED 8Y SIZE
LLL=LL
L0 TO 1103

c

C ouudP DJWN UNTIL CORRECT PALK QF CL 3 SIZES IS iDUND
1lul IF (FX oGEe ALS{LLL=1)/ACS{LL}) GU Tu L1l0«
LLL=LiL~-1
11u3 (F (LLL «NE. 1) GO TO 1101

(o
C IF WE ARE Al BOTTCM OF LIST ASSIGN EVERYUNE TO RIGHT NUMGER OF
C SHALLEST CLASSES

wA={ KKWRA{LL) =ACS{LL) J/ACS(L)+e5

NB=yY

LLL=2 .

O TO 1106
C
C FRUM LL02 TG JUSY BEFORE 512 IS ROUTINE TO FINDO ACTUAL NUMBER QF
C CLLALSE> GF TWO APPRUPRIATE SIZES HAVING PINPUINTED THO3E SIZES (LLL)

1102 A3=FX*=ACS(LL)
P=AUS(LL)#KKHRH{LLI+OIFF
IF (F +GTe Qo) GO TU 1115

VIFF=P
g TC 11
1000 yY=P4{A3-ACSILLL-1)} )/ {A3*(ACS(LLL)~ACSILLL~1))})
NB=YY+4.5
NA=(P-A3%xYY)/A3+,5
C )
C HAVING FCUND THE NUMBERS OF CLASSES IN EACH CLASS SIZE WE TRY TO SEE
C IF THE LOWER CAN BE CHANGED TUO A BETTER FIT (BECAUSE 0QF INTEGER
C «wWUMBLER PRUJLEMS)
NCUM=NABACS{LLL=-1)+N3*ACS(LLL )+ (NA+NB 1%A3
AX=(2.%P=NDUM) /(2. %ACS{LLL~1))
NA=NA + XX + L5
LF {NA LTe Q) NA=G
LU TQ 1246
C
C FX 1S TCC SYALL TC B8OTHER TO CRANGE

5i2 VO 513 K=1,3

VO 513 Jd=L1.33

JURH{K 9 L0=L o J)=KWRHDL{J oK oL)
5103 KWRHECIJeKsL}=0

vl T¢ 12
C
C Trls I5 WHEN CLASS SIZE IS TO INCREASE
Gl LLL=aLL+}
vl TO 1105
C

C 3U4P UP UNTIL CORRECT PAIR UF CLASS SIZES [S FJOUND
1lua LF (FX <LE. ACS{LLL)/ACS(LL]})) Gl 10U 1102
Lil=tLL+1 .

O e e i e e e e et e e+ o — e et v e e e = o




e et e o e S o Sir e . ety s} 1 aa e =8 b e -y it 4 o o et e e & e ey —— e

67

C IF nE ARE AT TOP OF LIST AsslGN EVERYUNE TO RISHT NUABER OF LARGEST

TC LLASSES

Lius (F (LLL «NE. l6) GO TO 1104
NA={ KKRRH{LL Y #ALS(LL) 1/ACS(LS)+.5
Ng=0

Trils 1> NOOE WHICH SUBRUUTINE MUST GQ THROUGH
IF CLASSES TO BE ASSIGNEDs CLASS SIZE PALR IS FOUND ANJ NUMBER NF
wdt [N EACH HAS BEEN CALCULATED
AUUM AND DIFF CALCULATION 15 TO KEEP RUNNING TOTAL OF RUUNDING ERRUR
UF wSH AAND ADJUST FOR 17 IN NEXT LOWEST RUGM Slit
1ldo AUUM=NA®*ACS{LLL~1)
IFINB «NEs U) ADUM=ADUM+NB*ACSILLL)
UIFraACSILL) *KKRRHILL Y #G L7 F~ADUM
LF INA+NB .Ede Q) GU TO 11

a0

C XX wile BE FHE DISTANCE BETWEEN ORIGINAL WRH THAT WllL BE CHUSEN
C Ful THE TATaL UF THE TWO CLASSES.
C YY WilLL BE THE DISTANCE BETWEEN
C Trc CHUSEN WAH THAT WILL BE CHOSEN FUR THE HIGHER QF THE TwO
C UCLA3SEs. IT HUST BE 1 UR GREATER.
C 1F a8=d THAT MEANS ALL wKH AFE TO bBE ASSIGNED TU LUAMER CLASS SIZE.
C PulnvL 1S PIINTER TG THE NEXT ORDINAL WRH TU BE CHUSEN.
C PULNWTH IS PUINTER TO THE NEXT ORDINAL CHOSEN WRH TO 3E€ USED AT
C wHiueWER CLASS SIZE
YY=NA+hD
POINTH=C.

AX=KKWRAILLY/YY
YY=YY/NB
C RANOCM HUMBER CALLS ARE USED TO MAKE STARTING WITH FIRST WRH A
C  RANJCN EVENT
CALL RANOUIX 1Y :0UMM)
1x=1Y
PUINTH=0UMNXYY+,5
LlO7 CAtL RANDUCIX,1Y,DUMM)
I X=1Y
PUINTL=0UMMEXX+,5
C wWTUTE AND NTOTEZ ARE RUNNING TOTALS OF URIGINAL WRH AND CHOSEN WRH
C SU F&R CONSIUERED.
LLLo WTUTE=Q
NTCTE2=0
C NPT AN NPT2 2RE INTEGER ROUNDED VALUES OF PUINIL AND PUINTH
C FUR COMPARISON WITH APPKOPRIATE NTYOTES.
HPT=PCINTL L+ 5
WNPT2=POINTH+45
L0 1108 J=1,33
ug 1106 K=1,3
IF {KuWRHO(JeK L I «EQs G) GO TU L1108
NTUTE=NTOTE+KWRHD{J,K,s L }
KHRAOLIJ X L) =0
Lile 17 ENPT ou¥e NTUTE) GO TQ 11034
IF INB +Ede O) GO FO 1112
NTOTEZ=HTOTEZ2+L
LF UNPTZ oGTe NTOTEZY GO TO 1112
L=t L.
PCINT' =PUTATH+YY
NPI1L=POINTH*+.5
uC TC 1113
1112 c4=Lil—-1
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PCINTL=POIANTL--XX

WP T=PLINTL+.5

JARH LKLYy J) =dHiH{Ks LG4 Jd) +1

ol TC 1114

CCNT INUE

GO fC 12

vG 10 J=1,33

w0 10 K=1,3

AWRAD{I KoL) =0

CONT INUE

RETJRN

eND

SUERCGUTINE KCLEAR{K4N)

ANTRGER &2 K( 1)

UJQ 1 L=1lsN

«{L)=0

K& TURN

eND

SUBRCUTINE RANQU(IXIY 3YFL)

SEE SCIETIFIC SUBROUTINE PACKAGE = FLAT DISTRISJTION RANDOM NUMBERS

A¥=1X2655139

LFLIY) 548,46

IY=1Y+42147483647+1

(FL=1Y

YFL=YFL#*.,4656613E-9

HETURN

END

SUBRCUTINE GAUSS(IXeSsAM,V)
SEc SCILENTIFIC SUBROUTINE PACKAGE - NCORMAL DISTRIBUTION RANDGM NUHUERS

A 0.

o0 G I=1.12

CALL RANDU(IX,1Y,Y)

1X=iY

A=A+Y

V=(A-6s ) ¥S+AM

RETURN

cND

SUCACUTINE NLSPIL(IBLD,SSsNRyNLNRMWRH)

FHIS SUBROUTINE ASSIGNS CLASSES TU CLASSRCGHS. IT STARTS WITH THE
LARGEST CLASSES. WHEN THERE ARC NOT EXNJUGH RUJIMS THAN A LARGER

RCGH IS SUUGHT, IF VHERE AKE NUT ©ENGUCH LARSER RUJHMS THAN A ROOM
IS BUIlLT.

NR IS ThE MUMIER OF CLASSRUOMS NEEDED OF A GIVEN S{LE

NLNR 1S THE NUMBER OF AVAILABLE RUCMS OF A GIVEN 3ILE

L3l IS THE NUMBER UF ROUMS T GE BUILT OF A GIVEN SIZt

WLEA 1S THE NUMBER UF EXCLSS ROUMS OF A GIVEN S{LE ;

MWRH 15 AN ARRAY UOF CLASS SIZE B7 RUUM SILE SINCE CLASSES MAY BE
ASSIGNEC A RUCM SUILZE NELD LLARGER THAN THE ACTUAL LLASS BLTOURE
cNTRY INTG THIS RUUTINE (THROUGH DSB8l

K IS THE RCAM SILE

INTLGER S§

LNTGER®2 IBLO(L) ¢ NLEX{LS)sNR(15) e NLNR{L}yNHRH( 15, 13)

CALL ACLEAR (NLEX,19)

K=83

FIR>T FOR EACH SIZE FINO THE EXCESS Jn SHURTAGE JF RUOMS
LFINRIK) «GTo NLNR(K)) IBLO(KD=NR(K)=HNLNRLK)
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1F UALNRUK) oGT, NRIK)Y MLEX{K) = NLNR(K)=NXR{K)
LU &=K-1 ]
1F (K «EJds Q) RETURN
C uITro
LF(NR{K) G6Te NLNR(K)} IBLDIK)I=NR{K)=NLNRIK)
LF (ALNRIK) GTe NRIK)) NLEXLIK) = NLNR(K}=NR(X)

J=K+1
C .
c iF THEKE IS WO SHORTAGE THRY THE NEXT SMALLER SI1ZE
50 IF (IBLD(K) EQ. 0) GO TOQO 10
C
o If THERE IS A SHORTAGE SEE IF A LARGER RCUM IS AVAILABLE
40 1F (DLEX(JY GTo. O) GO TQ 30
J=J+l
1F(J-S5SS) 40,40,»10
C
(o IF A LARGER ROCM LS AVAILABLE ASGSIGN IT AND AQJUST ALL VARIABLES
3y 1BLUCK) =+ IBLDIK}=-1
HLEA(J)=NLEA(I) -1
NRIJI=NRIJ) + L
NR{K} = NR(K) - L
C
(o FINU THE LARGEST CLASS SIZE IN THAT RCOM SIZE AND REASSIGN IF
Cc KK 1S THE CLASS SIZE

KK=K .
710 1F (MWRHIK kK) +EGQGe 0O) GO TO 60
MHRH (J 4 XK) =MWRH{J,KK)+1
MR (K KK) =MWRH(Ks KK)~1
vwb IC SO
ol hK=KK—1
IF{KK NE. 0) GO TO 7Q
nRITE(6,1L00)
sTae
100 FURMAT(* INMPOSSIBLE ERRQR')
KRETURN
cND
SUBRGUTINE FCLEAR (A,N)
VINENSION AlL)
ut L L=l[H
L A(L)=0, s
RETURN
e=hD
SUBRQUT INE KKCLERIN,LL)
DINENSION NCL)
uad i K314l
1 WK1 =0
RETJURN
cND
SUBROUTINE ERROR(NERRsN}
NERK=ANERA+]
WRITE (&65100) NeNERR
LU0 FORAAT(YOEKRUOR NUMBER 1412, FOR A& TUTAL UF 414y ' ERRURS . PROGRA
Lt WILL STOP AFTER READING THIS GRUUP OF INPJT CARDSW.')
RETURN
eNO
SUBRLUTINE PEEPLINUyNCAMPyNYCAR s NIT NRUNSsNUATE sWSHHC s DNAME)
VIMENSTOMN CATA2{31 s WSHI33,3302)eJATAL3) 3NI{L) yNDATLE(2)
UINeNSION SUBTOT(4,2),DNAME(Z ¢39)
NE=6
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thTE(Nb'll9’ NO(L) sNCAMP,NYEAR ;NI Ty NRUNSNCATE
LF(ACeEQ.2]) HWRITE (N6 12Q)
1F(MCeEL2) GO TO 10
WRITE(NG,121)
LU wWRITE{NG2130)
L=3(a
CALL FCLEAKR(DATAZ,3)
CALL FCLEAR(S5UBTQT48)
VG 260 J=1,32
cALiL FCLEAR{UATA,3)
X=0e
U0 L6l 1=11+2
Y=0.
vl 262 K=1,3
DATACKY=DATA(K) +WSH{J1Ks 1)
SUBICT{R» I )=SUBTUT{K s J)+WSHIJsK, 1)
SUBTOT (44l )=5UBTUT (4o I1+W3H{UK, [}
202 Y=YruSHIJsK, 1)
18(¢ .NEe 0.) WRITE(NG,122}
LUNAME(L o J} sDNAMEL29J) 9 19 EWSHIJ9 KoL) sK=1g3 )¢
261 X=X+Y
LF (X oNEe Qo) WRITE(NGy L23)ONAME( 1,4J) sONANE(2,J)s0ATAX
&=+ X
VO 260 Kal,3
VDATAZ(K) = DATA2{K)+DATALK)
2600 CUNT INUE
nRITE(NG6,L24) SUBTOT,DATAZ2,Z
RETUKN
122 FORMATA3N2A4 s A4 1l el XsF9als3XeFTalsdXsFTeleSXyif9al)
123 FrORAAT(2X2A4 027X sFQal 2 (2 X 3FTala ! ;12X 9FF9els?' %, 4X,F9,),%320/)
12 FORAAT{OR s TALL 312X 9 T1 0 9 d5Ks (X9 FGals "2 ) g 4XgF I Lyt %t/
i SXe ALLY 912X 972 5 15X 23 (2X s 9ef 1 ® ) 34XsF9elat %Y/
2 OXe "ALL " 929X 3 3{LXgFFaly %0 ) 3X,F9ale V%%
1Y FORMAT(? LFAM TAQLE L'3A23' FUR 'yA4,° IN YEAR 0,4, 1 WEEKL
LY STUDENT HOURS IN EACH DISCIPLINE'/* ITERATIUN' 139" UF RUN v,
2A4y'  ON ' 92A4,5Xs'BY CLASS TYPES IN EACH CJIURSE LEVEL'/)
121 FORMAT(/6X ¢! THESE?,
3 'YAUNBERS OF WEEKLY STUDENT HUURS ARE THE AGGREGATED PROCUCTS QF'/
40Xy * THE PROJECTELD ENRULLMENTS OF EACH STUDENT LEVEL AND MAJUOR'/6X
5% AND THE INDUCED COURSE LUAD MATRIX (NCNLAB & LAJ wWiSH PER STUDENT?
ol)
120 FURMAT(/6X+*THESE ARE THE F!NAL AGGREGATEU NUMBERS JF WEEKLY?,
LYSTUDENT HCURSY /66X ' LENERATED BY FAMSIX.'/)
L3y FUORAAT(/Z/
o ' DISCIPLINE CLASS TYPE COURSE LEVEL: L llXyt2%,10X,93¢
19X, TATAL' /)
cND :
SUBRGUTINE PEEP2{T o JWRH)ACS s 11, KSHTCHIUNANE)
UIMcNSION ACS(L13) (NOATA(A) cAVGL{4) ¢ UNAKEL2434)
INTLGER#®Z JWKH{3,15)
NY=2
NG = 6
CALL FCLEAR{AVG,4)
LALL KKCLER(NDATA,4)
O L Lalyls
M=0Q
ul <& Kal,l
MM JhiRH{K 4L )
NOAM AR I=NCATA(K} +JHRH(K, L )
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e s S . R mrmea e e e oy e = ot ek e emtaay hn y —a e e et e Cmaiy e e ot

2 AVGIK)I=AVGIK) +ACS(L)I*JIRPHIK4L)
L M oNEe Q) HRITE (N6 L10QQ) .
LUNAME L E) oDNAME{ 2o 1 s Lo (JURH(K L) gK=143) 9N
L LONI INUE
NOATA(4) =NCATA(L)+NDATA(2) #NDATA(S)
1F (NDATA(4) EQe O) RETURN
WRITE (N6,101) NDATA
[IFIKSUTCH.EQL L) WRITEI(NS,103) Il, I 3 (NCATA(K) K3]1,43)
AVGLAI=AVG (LY +AVG (2 +AVOLL 3)
DO 4 K=l,4
LF(NDATA(K}.EQ.Q) NDATA(K)=L
5 AVGLKY=AVG(K)I/NDATA(K)
ARLITE(NO102) AVG
HETURN
100 FORMAT (3IX2A4y 7Xe12:8X0 140 TX vl 4s1Xe[4,57X403)
Lol FORAAT (L1SK,"TOTAL WRH" 94X314 9" 2 36 X9yt 0Xelay a0 ,6K,15,0%&1])
LUl FURMATULOXy " iIEAN SILE® 04X 9F6el 99 XeF Gals5X 9Dl e5X4F3el/i
t03 FCRMATIL212/514)
END
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J";;.,
VARICOS - PROGRAM LISTING
o ULCTIUNARY CF VARIABLE NAMES
C ALL THE WURD VALL s
C Al TA SHARE GF wWRH WURKLOUAD
C ac SHARE UF WRH WCRKLOAD Uk NON=-TA ACADJENMIC STAFF
C BIloSUM TATAL VARLABLE CQSTS PER YEAR
C 8L - BCKND LIFE
C bR BCM) INTEREST RATE
C OBULKSH FACULTY CUOST SUBTOTALS, ALSU SPACE CUST TOTALS
C ol WCH/FTE FUR TASS
C 42 ACH/ FTe FOR NON- TA ACADEMIC STAFF
C  LaPLsT YEARLY CQO53TS OF CAPLTAL CONSTRUCTIUY FROM YEAR (STARY - 4)
C vAPrAC CAPITAL COST FACTIIR: INUEX=100
C LofousT DISTRIGUTION OF CAPLTAL EXPuAIITURES JVER CONSTRUCTUN PERIQD
C ue SUPERVISICN OF TA'S:IACAUEMIGL STAFF/TA
C  OWAHE DISCIPLINE NAMES
C  IPsGFT $/ASF: OVERALL AVERAGE
C bLeg - FACULTY UVER-RIDE FACTO?: R&GULAR FACULTY/STUDENT
C 0Dang $/ASF F{R M&U PLANT
C ol ENRUOLLMENTS
C tPF EQUAL PAYMENT FACTUR
C FAC FTE FALULTY (TA2IRREGe s NUN-TENURLED s TENURED)=(L1~4)
¢ FagusT SALARY CQO5TS
C  Faix ACADEMIC STAFF LESS TA'S
C FACSAL AYERACE FACULTY SALARIES BY “'RANK"
C  LINASF ASE IHVENTORY INUN~LABsLAD ) RESCARCH  JFFIGE, SUPPCRTING
C IN3UM YEARLY TOUTALS: INVENTORY ASF
C Ju LEOP CUNTROL FOR FINAL TABLc PRINTY-0QUT
C wCAMP ' CAMPUS NANE
C NUATE CALENDAR DATE QOF RUN
C wntlous TEMPORARY VARJABLE: NON-CLASS REQUIREAENTS
C nNiT [TERATIUN NUMBER (H=TH YEAR UF RUl)
C  lUN MNUMBER OF RKRUN
L WNJUMYRJ NUMBER GF YEARS FUR THIS RUN
C NYZAR YEAR G DATA OISPLAYED (INPUT A3 FIRST YEAR OF STUnNY)
C  NRASFE NCW ASF SNON-LAB s LAD gRESEARCHZIFFICE, SUPPORTING
C nnsuM YEARLY TOTALS:NEWLY FINLSHEU ASF
C X TEMPURARY VARTABLUZINVENTGRY Cf UDI3GCe ASE TOTAL
C WY TEMPURAKY VARIABLE: MEW DISCIPLLIRNG oA3F TUTAL
C  JuPs UTHER LPERATING CUSTS YEARLY [OUTAL (SALARIES+SUPPURT ¢)
C Ji OFFICL ASE/ZFACULTY
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¢ ue OFFICE ASF/GRAD

¢ vrLIP PLANT UPERATING CUSTS: YEARLY TJOTALS

C PRJLST PROJECT CUST ESTIMATE

¢ H&ULST DISTRIBUTION OF NOMN/TA ACADEMIC STAFF TU "RANKY™

C HKHUM FTE FALULTY SULTOTALS

€ Wi SUM OF DEFLATECL CONSTRUCTICN COST FACTURS OVuit PER-

o 100 0% CONSTRUCTIUN

C KR CURRENT INFLATOR

¢ Hi RESEARCH ASF/FACULTY

C R RESEARCH ASF/GRAD

€ SLNFL INFLATION FACTQR:CAPLITAL RATE LESS OPERATING RATE+L(EG 1.01)

€ ouPLST SUPPURT CUSTS

C  SUPKAT SUPPORT RATE: $/NCN=TA ACADEMIC STAFF

C >5i SUPPURT ASF/RESEARCH AND OFFICE TUTAL

C s2 SUPPGRT ASF/LAB TQTAL

[ TEMPURARY VARIABLE: +TE TA'S

C  writ WNEEKLY HLOM 1OURS

cC X TEMPURARY VARLABLE: FACULTY TQTAL

c v TEMPURARY VARIABLE: 5SUM OF FACULTY AND TA SALARY COSTS

cC v TEMPURARY VARIABLE:TOTAL FACULTY & SUPPURIE CUSTS
iNT=GER BL :

INTEGER WRH{Z2,3,33)

INTEGER#2 NARR {14,441}

UIMCNSION ALL(2),AL42+3¢331,A2{253¢33)+8UCKSM{0) 30243433},
Lu2(2+3233),CAPCST (LG} 2CAPFAC(9433) 4CSTUST (" ),C2(2,33),
2UNAML(2933)s02(4933)sENRLA433),FACL4,33)FACUSTLS) +FACR(33),
3rACsSALL4)Y s INASF{S5,33) s INSUMIG) yNDATELZ2),NEEDSE3) g N4ASFI5,33),
ANWSUNM(6) ,00PS{10)+01(24+33),PLAP{LD) ,PRJICST 01 102(2433),
SRKOIST(3+933) s RKSUM(D) 3RL(2433),R2(2:33)sSUPRAT(33},51033),52(33),
oTalz)

JATA ALLCLIsALL(2)/7%A0LL ', ¢/

iN1=5

i1N2=1

1QuTr=6

LALL FCLEAR{CAPCST,1l4%)

CALL NCLEAR(CINASF.165)

REAU (INLs9COINCANP NRUNyNDATE s NUMYRS ¢ NYEAR

JN=JUMVYRS+4

nAUDLINZ2:90L) ONAME

U3 L0 K=1933

REAICINZ s 909  LIALLT s d oK) 9d=1393),1(=132)

KEADCINZ2s904) 0 (A2(TyJ oK) od=1+3)41=1,2)

RELADLINZ2 9041 (BLUL oK)y sJd=1s3)sim1,y2)

Lo REAULINZ2s20) {2l sdsRIsd=le3),[=1,2)

WEAJ(INZ25904) FACSAL

DO LL K=1933

Lk KEAUCINZ2»90%) (C2{1:K)91=132)5(D21lJK}1J=1s%)
vy t2 K3l,s33

1 REAUCINZ 9904} SUPRAT(K ) (RKDIST{J sK)yJ=1s13)

C tHu GF INPUTS FOR FACULTY CCMPUTATIUNS

Ul 20 K=1,33

¢V REAU(INZ29705) RLCLoKY RL{2:K) sR2(LsK)gR2(2yK)IsUL{LsK),01(2,K),
1 U20LsK)e02024K) pSLiIR) ¢S2LK)
U 24 K=1,33

2L KREADCINZ,905) (CAPFAC(IK)yI=l,5])

¢l aAALUINZ2¢908) Ky (INASFUL sK) 9p1=3,5) o NOCHK

LENECHR EQe) GO TU 22

KEAJ({INZ 9907) SINFLsBRyUL

REA (INZ2905) CSTOST »D4MNOOPSQFT
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23

lyl

1yl

JEVE)

112

lig

11y

Liw

Lao

liu

12u

EPF=bRe{(L4BR)*s0L) /L (1#BR)#=8L)~-1,])
KS=0 & : '

Ul 23 h=lyr4
LSTUSTLS-NY=CSTOST(S-NI/(SINFL%¢N}
R3=AS+CSTOST (5-N)

NYEAR=NYEAR~]

UL LCCQ NIT =1.NUMYRS

NYEAR=NYEAR+]

WR=y INFL2E (NIT-1)

LALL NCLEAR{NWASF 1565}

LALL hCLEAR(WIRH,193)

VAL FCLEARLENR,L132)

READLINZ,906) Ky (ENR(I4K)sI=149)9NOCHK
I1F(WCCHRLEQ.,0) GO TQ 101

REAUCINLYD02) (4K

I1F{l«EQe0}) GO TQ 103

KEAUCINL903) (WRH{LJeKDbed=1,3)

LO TG 102

LALL FCLEAR{FAC,132)

SJALe FCLEAR{BUCKSH,06)

LALL FCLEAR{RKSUN,5)

WHRITECIGUT y95Q)NYEARSNDATE s NRUNNIT ¢NCAMP,NYEAR

U0 110 K=1,33

LALL FCLEAR(FACOST,S)

FACRI{K}=0.

SUPCST=0.

DO All [=1.2

TA(l}=0,.

DO £12 J=L1,43

LFIWRH{L s J 1K) W EQ.Q) GO TO 112
TA(LI=(ALLTsd oK) EWRHIT »J KI/BLIT,d,K)) + TALL)
FACR(K)=FACRIRIFIAZIT g JaRI*RH{I 2 JsK)/B2(10d¢K)}
CUNT INUE

FACLLoX)=FAC(L s KI+TALL}

FACR{K)=FACR(K)I+(C2{I K)%TA(I))

LCUNT INUE

DO 113 1=1,4
FACRIK)=FACRIK}+{D2LI(KI®ENR{I K))
A=FACIL+X)4FACR(K)

LE(A«LTeQel) GO TO 110

VO 114 [224+4

FACU LK) =FACR{K)*RKDIST(I~1,K}
SUPLSI=SUPRAT{K)I*FACR(K]

0g 115 I=",4

FACUST(I)=FACSALITLI®=FAC(]+K}
bUCKSN{1)=dUCKSM{T}+FACOST L)
KKSUMCT ) =RKSUM{ LI tFAC(T +K)
FACUSTUS)=FACQOST(S5}+FACOST( )

YY¥=SLPCST + FACOST({Y)
bUCKSH{6 ) =BUCKSH{6)+SUPCST

WRITECIQUT 495 1) (ONAME(LsK) 3I=1,2) s {FACUI4K)sl=10s%) o X+ FACOST,

L SLPCST.YY

CONT LAUE '
UO LZG ~ l.lf

bUCK SM{S5)=BUCKSMIS5)+BUCKSH{Y)
KKSUMI5)=AKIUA(S5 I +RKSUMIJ)
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LUPS (1L T) =EUCKIN{S)I+pULKSHLG)
WRITECIOUT gI5 L ALL gien "My BUCKSM,UUPSINIT}
C cuu QF FACULLIY CONPUTATIUONS — START aPACE CALCULATIONS
JUO 130 X:=14323
Lod REAUCINL e 10 KyINASF{LleK)JINASFI22s K)o NWASF{ LK) s NAASFL2,K)
LALL FOLZAREODUCKSMsO)
CALL NCLEARLINSUMLS)
LALL NMULEARINWSUM,5)
ARLIILUICUT 330 INYEAR GZNCATE yNRUN s MLIT oNCAMP NY EAR

Ja 2C0 Kal,32
wWX=U
NY =4
GALL FULLEAR(PRJCST (0]
CALL NCLEARINEEDS,3)
lF(i‘A(..\(P()oL[o\JoLoANL)thR(BIK)oLToQ.loAN‘).hf“{(’l)K) ILTIO. 1)60 YOSIO
NEELUSTLY=R10L oK}« FACRIK) +R1(2,K) ¥ FACTIL 4RI +R2{L R ) 2ENKL 3, K)
LER2L2sKIHENR (420}
NEEUSTZ2) =0l(1,KISFACKIK)+OLLZ2,K)3FACIL,n ) +Q2( L, K )SENRL 3,K)
LrU2{ 29K)*ENRL 4K}
WEEUST3) =S (KIS {HELDS (L) #NEEUS(2) ) +S2 K. *INASF( 24K}
UC 2L0 1=L1,3
AF(HEEOS{L ) LT L INASF{LI+2,K)) GO TO 210
MHASFLI#2,K)=NEEDS(L)-INASF(I+2,4K)
INASFU{+2,K)=NCEOS(L)
210 CONTINUE
U 21l [=1,5
PRICOTLL)I=NAASF L sK)ISCAPFAC( L (K )«RR®OPSQFT2RS
PRICSTIGY "RAICSTLO)+PRICST(I)
WXNASINASF(L LK)
NY=NY+NRASF(L LK)
NWSJM (L) =NRSUNM(])+NHASFLI,K)
INSUMOT)=INSUMETI4INASFLT4K)
ZlL oUCAKSHIL) =NUCKSNLTL)+PRICSTII)
IFINALLGQLT ) GO TQ 200
WRITE(IQUT 961) (DONAHE(LyK)yI=l,2},
A (INASF(]..K):‘=1|5,|NK|(NHASF([|K)9[=1|5)|NY|
1PRJCST
2ud LGNS [NUE
ua 236 J=1,5
WHSUMI6) =NhSUN(S) +NWSUMLY)
INSUMIGYI=INSUM{4)+INSUM(Y)
230 BUCKSHI6)I=BULKSM(6) +BUCKSMLY)
LQ 20 [I=144
AX=0LCKSHULO) *EPFHCSTOSTL( L} /RS
NQ=NIT+( (-1 -
U0 220 T=hGedN
CAPCST (T} =CAPCST(1) #XX
22J LCONT IANUE
R ICLCTOUT 4961 ) ALL s INSUM ) NWSUM,; LUCKSH
PLEP (NIT)=INSUM{G)2DGMNURIR
120 "OrTLINUE
JENYEAR-3-NUMYR
ARITECICUT o970 INDATE ,NRUN JNUMYRS
UG L0001 I=1¢4
CALL CUNVRINARRI(L, l)nllorﬂPCST(lil
pRITE(TIIUT 397 L)J s LHARK Ly L) yL= 1119)I(NARR(L 1)el=1,14)
louL Jd=d+l
U0 L0C2 [=l,rUNYRS




O

ERIC

Aruitoxt provided by Eic:

OO0 N0

76

BLIGILM=CAPS{LI+PLOF (I +CAPCST (L v4)
valke CONVRINARROL 1), 110:00PSEL))
WALl CUNVYR(MHARRILsZ)Y sl PLEOLL) )
CALL ULONVAEHARRLLr2) 911 CAPCST (L4}
CALL CUNNVAINAKR{Le4) 91 1:8IGSUM)
ARLIELLGUT »5T1) JoNARR

10U a=Jrl

Dud FURALPTI4AG412,414)

GuyL FCKAAT(2JA4)

YU FLRAAT(212)

903 FCRAAT(314)

Suw FCRMAT(GS10.90)

90y FGRIAT(1CIFELI)

9uo FCRAAT(T1 L2412, TLe4FS5,0,412)

G317 tCRAAT(Z2FS.U0912)

Jug FLRAATIL2,3110412)

Gi9 FCGRAAT(I2,4110)

Yuu FORMATI LVARICOS TAQLE: A-',[4,48A'CATES: 7 42A4/7¢% AUN NUMBLER: ', A4,
Le7X 1T SRAT LN NUMBER: 412771 TX'FACLLTY: REJUIREMSNTS AND CQOSTS FO
2R Yy A4, IN Y,147)

958 FURMATOLIX g 2009 IXIRANK S g 12X 00 L0 49X 20 3 GX 3¢ ,9X 0 4" g4 X SUBTUTAL? ,6X
LYTCIALS' /12X FTE 44X 44Fl0.210 02X F12e2/7 124 SALAKIESY94F1004F12.0/
CL2XYSUPPAOR T 441 X42F12.07)

Y00 FORAAT(*IVARICOS TABLE: B8-'514,48X*CATE: ¥ ,2A4/7*¢ RuN NUMBER: *,0A%,
L47XY ITERATIUN NUIMBER:® v412,//718X'SPACE: REQUIREMENTS AND CUSTS FOGR
2 YJAG,' IN ',147/)

ol FUORMAT(/IX2A4¢ L TXs " LASSRMS CLASSLAB  RESEARCH JFFICE SUPPOH
11 TOTHS1L¢/LLX sV INVENTURY ' 3 34,6110/ 1IX'NERW ASF' e300 L0711 XPRUY
ZECT COSTS® ;6810.0) ’

Q72 FORHATUI LA ICUS TABLE: C' 53X 'DATE: ' ,2A4/7% RAUN NUABER: Y A4, 99X
LYYEARS il > RUNZ ¥, 12/7/730X SUMAARY OF VARIAGLE CUSTI3//79XTYEAR Y, 4
2O SALARTES/SUPPURT o 3X " MUU-PLANT # yuXYOERT SEAVICE - vy OXCTOTALY/)

GlL FORAANT(IXy L4y 3({24e1eAl}s5X,14A1) '

912 FORMATIGXA,14534XeL4A145X914A1)

END : :
SUBACUTINE FCLEARCA NI .
DIMENSICN A(])
V0 1CO [=1¢N
10U AtI) =0,
RETURN
tNUL
SUURCUTINGE NCLEAR(MN)
UINMENSICN M(Y)
Ul 1GQ I=14N
loy M{l)=0Q
ReTURN
eNU
SUBRCUTINE CCNVIINARR¢NDIG,KVAL)
NARR [§ INTEGER*Z2 ARRAY RETURNEYD AS (NOIGe(NODLu=11Y/3) CHARACTERS
CF RESUVLT READING LEFT T4 R2LoHT IN ACeNUING SUOSCRIPTS.
MIEG [S THE LARGEST NUMBER UF DIGITS (InCLuUdIn.g MINUS SIGN) THAT
MUST BE ASSUMEC FQR NVALe NDOLIG MUST 0€ 2 < NIIy < L2.
KVAL OR FVAL ARE THE NUMBER TO ot THRANSLATED. THtY COME IN
THRUUGH DIFFERENT ENTRY PUINTS
NVAL [5 THE VvaALUL TU Bk TRANSLATED: CHANGEZD FROM SITHER KVAL
CR FVAL : :
NJIGy KVALy FVAL, ARE NOT ALTEREC 8Y SULBRJUTINC,
Luk( RETURNS AS UBLANK. _
CVERFLOwW (EITHER PUSITIVE LD HNEGATIVL) RETURNS AS = IN THE
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RIGHT HUST PQS[TION.
A MINUS SIUN IS RIGHT ADJUSTED TO NUMBeRe
o ErRHOR CRECKING IS DONE
INTe LR JUNC{L9) s NARRL L)
UIMehSICN NTESTULL)
UATA GUNK /000 g1 10020 3139 4148, 850 050 070 050,090 jta b 80,0,
Lt/ o
JATA KTEST /16,1004,1000,100004100000,10C00L0Q+10QCG0uN10000000V0,
LLEULULLSOCY 21497148304 T,2147483047/ "
HVAL=RAVAL
{ NEND=NILG+ INDIG-11/3
K=JUhK(12)
LF (hVAL JLT. 0O) K= JUNKL(LL)
N=1 o et ~
L=1
=3
NEMNI 2 -HTIND +1
UG L J=1yNEND
L NARAR{ J}=JUNL(L )
LFINVAL «GE. NTEST(NDIG)) GU TQ &
LF (hYAL oLE. =NTESTUINDIG-1}) GO TQ 6
NYAL -[A3S(NVAL)
« UG 3 J=LgM
JGKz=hyYAL /N
iF (JOKE «LEe 0) GO TO 4
N=N«L1g
AUKe=(NVAL /N)}*10
JUORL =JUKe=-KAKE
3 WARKAINENDZ=J)=JUNK{JOKE+])
LF(4 .tde NEND) GO YO 5
L=+
A M+ 4y
IF (N GTe NENGC) M=NEND
NARS (NEND2-L+ 1) =K
LF(~nCKE +EQe 0) GO TO S
NARA (NENDZ2-L+1) = JUNKI(13}
ol TG 2
4 NAHRAINEND2-J)=K
ARETURN
6 NARRUNENDY =JUNK(14)
oG U 5
ceNTKY CUNVRINARR :NDIG,FVAL)
HYAL=FVAL+SIGHN (5, FVAL)
vl L 7
END

OO0

v




